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William A. Macomber, Colby College. Water- 
ville, Maine. 
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Nitro Compounds 


The determination of air contamination 
by industrial poisons is one of the most 
important practical tasks of industrial hy 
giene. The problem is important from the 
point of view of an appraisal of exposure 
and that of prophylaxis alike, contamination 
of air being obviously one of the most reli 
able indicators of the quantity of poison 
inhaled, and, at the same time, of the effi 
ciency of the technical equipment used for 
the elimination of contaminants. 

The permissible concentration and toxic 
limits in air were determined for a_ few 
aromatic nitro and amino compounds only. 
lor example, the following permissible air 
concentrations (air thresholds) are known: 
aniline, 19 mg. per cubic meter; dimethyl- 
aniline, 25 mg. per cubic meter; /p-nitroanil- 
ine, 6 mg. per cubic meter; nitrobenzene, 
5 mg. per cubic meter '; nitrochlorbenzene 
and dinitrochlorbenzene, 1 mg. 
As to the concentrations, 
data have been published by the Imperial 
Health Research 
Committee concerning aniline, fp-chlorani- 
line, p-nitrobenzene, 


per cubic 


meter.” toxic 


Industries, In- 


dustrial Products and 


nitrobenzene, nitro- 
Although a few 
additional data in regard to toxic limits are 


also available there is a lack of sufficient 


toluene, toluidine.* 


quantitative evidence, especially if we 


realize the increase in the number of aro- 
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matic nitro and amino compounds used for 
industrial purposes. 


The present paper is intended to analyze 


the concentration relations of a few nitro 
and amino compounds from the point of 
view of toxic and subtoxic effect, as de- 


termined on the basis of a comparative 
study on the air concentration values found 
in plants, on the one hand, and on_ the 
clinical and laboratory findings obtained in 
the personnel examined, on the other. Seven 
chemical plants were involved in the in- 
vestigation. Depending on the production 
process and the single phases in production, 
the workers in the plants were exposed to 
the effect of the following compounds: 
acetanilide, ethylaniline, nitroanisole, anisi- 
dine, nitrophenetole, phenetidine, chlorani- 
line, 


nitrobenzene, —p-nitrochlorbenzene, 


dinitrochlorbenzene, nitroethylbenzene. 


Methods 


The first step was to analyze working conditions 
in on-the-scene investigations in the seven plants 
involved. The quality of poisonous materials, the 
potential danger of poisoning, and the duration 
of daily exposure were determined for each phase 
of production. 

The evidence thus obtained served as the basis 
for the studies on the air concentration, including 
sampling of air on the scene and chemical analysis 
of the samples thus obtained. In some plants 
sampling was continued for several days in order 
to obtain data sufficient for the 
average daily concentration 
daily 


calculation of the 
On the basis of the 


values the average concentration values for 


é 
3 
+ 
2 


several weeks as well as the confidence limits * 
were computed for each plant. 

Acetanilide, ethylaniline, phenetidine, and anisi- 
dine were estimated on the basis of the indophenol 
reaction of Alexejeva,’ splitting off the side-chain 
from the amino group by hydrolysis prior to carry- 
ing out the indophenol reaction. Chloraniline was 
estimated quantitatively by the Skranovszky-Tei- 
singer method * and the aromatic nitro compounds 
were determined by the polarographic procedure of 
Teisinger.” 

Parallel with the air concentration tests and in 
most plants also for’ a few months after them, 
the persons working there were subjected to med- 
ical examination every month. Subjective com- 
plaints were recorded; presence or absence of 
cyanosis was noted; hemoglobin and erythrocyte 
counts were determined, symptoms and signs 
specific for aniline and nitrobenzene effect, such as 
methemoglobin and sulfhemoglobin formation and 
presence of Heinz bodies in erythrocytes, were 
sought for. 

Hemoglobin was estimated in a Pulfrich photom- 
eter, by the method of Balint, Juhasz and Pethes.” 
Methemoglobin and  sulfhemoglobin were  de- 
termined also in a Pulfrich photometer, by the 
Magos and Szirtes method.” The values obtained 
were expressed in grams per 100 cc. The lower 
limit of normal hemoglobin concentration was ac- 
cepted as 80% Hb content, equivalent to 12.8 gm 
per 100 cc. By the method employed the average 
normal value for methemoglobin is 0.22+0.14 gm. 
per 100 cc. (upper limit: 0.5 gm.) and for sulf- 
hemoglobin it is 0.08+0.05 gm. per 100 cc., with 
the upper limit at 0.18 gm. 

The erythrocyte count was determined by the 
common method, accepting the 4,000,000 value as 
the lower normal limit. 

The Heinz bodies were studied in preparations 
stained vitally with brilliant cresyl blue, relating 
the number of Heinz bodies found in 5 to 10 fields 
to 1000 erythrocytes. The upper normal limit was 
10/1000. 


Results and Conclusions 


The results of air concentration tests are 
presented in Table 1, while Table 2 shows 
the clinical results. 

In Table 1 are shown for each plant the 
test period, the number of test days and 
samplings (as well as the number of 
chemical analyses), the average concentra- 
tions and confidence limits for single com- 

* The value to which the average would fall in 
experiments carried out under similar conditions 


with a 99% of probability. 
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pounds, as well as the duration of average 
daily time of working process. A total of 
898 concentration tests were carried out. 
In every plant the test period extended to 
several weeks, and within that the number 
of test days and of the concentration tests 
was great enough for the determination of 
the average concentration values for the 
entire test period. These average concen 
tration values, taking into account the test 
period and the duration of daily exposure, 
indicate the prolonged inhalation exposure. 

The commonest sources of contamination 
are opening of outlets, sampling, discharg 
ing, leakages and accidental causes ( manipu 
lation of valves, stoppages, and other 
emergencies). It is to be emphasized that in 
every plant, without exception, the possi 
bility of percutaneous absorption was given, 
especially on feeding in by hand, discharg 
ing, crystallization, cleansing, and repair of 
containers. 

In Table 2, which comprises the data for 
medical examination, are shown also for 
single plants the poisonous aromatic nitro 
and amino compounds involved in produc 
tion, the duration of the test period, the 
number of workers examined, as well as the 
results of examination—the average values 
of hemoglobin, red cell count, methemo 
globin sulfhemoglobin for test 
period, the percentage incidence of Heinz 
bodies, and finally the statements concern 
ing subjective complaints. As can be seen 
in the table in the case of the p-chloraniline 
plant we present the single findings one by 
one, because the small number of cases 
made it impossible to determine averages, 
as it is pointed out in “Notes.” From all 
the plants involved a total of 135 workers 
have been examined. 

1. First we are going to deal with the 
acetanilide concentration, as it occurred in 
the acetanilide plant. The threshold for 
acetanilide is not known, but as Lazarjev * 
has stated that the effect of acetanilide is 
much weaker than that of aniline it is ob- 
vious that the safe threshold for aniline (19 
mg. per cubic meter) is lower than that for 
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acetanilide. The average value determined 
in our investigations (1.7 mg. per cubic 
meter) is much lower than the threshold 
for aniline. Our investigations, too, showed 
this concentration to be below the permis- 
sible level as at examination repeated at 
one-month intervals over a period of eight 
months the average hemoglobin and_ red 
cell counts were not subnormal, Heinz body 
formation did not occur; the methemoglobin 
and sulfhemoglobin values exceeeded only 
slightly the upper limit of normal. Thus, 
on the basis of the hematological evidence 
it could be stated that at the given air 
concentration level prolonged inhalation did 
not lead to the development of symptoms 
suggesting intoxication. If we add to this 
that in this plant the poison could enter the 
body also through the skin, it is obvious 
that the negative medical results lend in- 
creased support to the statement that the 
acetanilide value of 1.7 mg. is below the 
threshold limit. 

2. In the ethylaniline plants the average 
values varied from 9.9 to 22.5 mg. per cubic 
meter. When evaluating the results, we 
have to rely first of all upon toxicological 
evidence, for example, on the statement 
made by Sziza,’° according to which the 
complex compound used here (technical 
ethylaniline, which contains aliquots of 
mono- and diethylaniline and about 1.5% 
aniline) is equal in effect to aniline in per 
os experiments. And, if we take into ac- 
count the threshold for aniline, it is only 
in feeding that the value is higher than per- 
missible. It is possible that the average 
concentration extending to 22.5 mg. may 
exceed the permissible level in comparison 
with aniline, but it is certainly not toxic. 
The negative medical findings disprove its 
toxicity, just as in the case of acetanilide. 

3. In the plant producing p-anisidine the 
toxic effect is complex. As to the duration 
of exposure, that of p-nitrochlorbenzene, 
one of the compounds involved in produc- 
tion, is too short to cause chronic poisoning. 
In the case of the two other compounds—p- 
nitroanisole and  /p-anisidine—duration of 
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exposure ts longer and more constant. As 
regards an appraisal of toxic effect, the 
fact that neither the threshold nor the toxic 
concentrations are known for either of the 
compounds undoubtedly presents some diffi 

culties. Neither is it known in what meas 

ure interaction may influence exposure. 
Furthermore, it should be taken into con 

sideration that, inasmuch as these com 

pounds are absorbed also through the skin, 
the full exposure cannot be computed un- 
less absorption through the respiratory tract 
and through the skin are known. But even 
if we ignore absorption through the skin, 
it is certain that the 2.3 mg. value for nitro 

anisole and the 1.9 mg. value for anisidine 
are not toxic in nature, because none of the 
workers developed anemia or chronic 
poisoning during the prolonged period of 
observation. Although it is true that the 
specific, methemoglobin and sulfhemoglobin 
values were increased and Heinz body 
formation also occurred, these changes do 
not by themselves mean a chronic toxic 
state, not to speak of the fact that not only 
inhalation, but also absorption through the 
skin may have played a role in the develop 

ment of these changes. On the basis of 
these considerations, the 2.3 mg. value for 
nitroanisole and the 1.9 mg. value for anisi- 
dine cannot be held toxic. It is another 
question whether these values may be con- 
sidered to be permissible or not. Although 
the increased sulfhemoglobin and methemo- 
globin values, the frequent occurrence of 
Heinz bodies, and the cyanosis seen in some 
cases not included in the test material sug- 
gest that the concentrations mentioned are 
nonpermissible, the issue cannot be decided, 
because it is not known in what measure 
the shorter exposure to nitrobenzene and 
the absorption through the skin may be held 
responsible for the changes. 

4. The toxic effect is complex in the 
phenacetin plant, too. As it can be seen in 
the table, here we found traces of pheneti- 
dine and aniline, a value of 3.6 mg. per 
cubic meter for nitrochlorbenzene+ nitro- 
phenetole, and a concentration of 21.7 mg. 
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for nitrophenetole alone. regard to 
working hours, these represent the chronic 
exposure. We note here that the threshold 
(permissible concentration) of nitrophene 
tole is not known and that of p-nitrochlor 


\s to the 


situation 1s 


benzene is 1 mg. per cubie meter. 
the the 


amisidine 


evaluation of results, 


the same as inthe plant: the 
combined action of the various compounds 
did not lead to anemia; thus the 3.6 mg. per 
value for nitrochlorbenzene + 


cubic meter 


nitrophenetol and the 21.7 mg. value for 
nitrophenetole, respectively, cannot be con 
sidered to be toxic on the basis of hemato 
logical study. Our data do not make it 
possible to determine precisely the thresh 
old of these compounds; it is nevertheless 
likely that the values exceed the permissible 
level, as indicated by the fact that one of 
the components, nitrochlorbenzene, showed 
a value exceeding the permissible level. In 
addition, nitrophenetole Was present imi a 
much higher concentration, and the traces 
of phenetidine and aniline should be taken 


Also. the 


methemoglobin. values and the appearance 


into consideration, too. higher 
of Heinz bodies indicate that the values ex 
ceed the permissible level, though it is to be 
noted that these changes cannot be accepted 
as absolute proof, because percutaneous ab 
sorption may have been in part responsible 
for their dey elopment. 

3. In the production ot chloraniline, 


Ac 


cording to Goldblatt,* the inhalation for one 


chloraniline is the sole noxious agent. 


minute of 44 mg. of chloraniline per cubic 
meter produces severe symptoms and pro 


longed exposure to 22 


mg. leads to disease. 
We have found much higher values in the 
plant examined, the average values being 
63 mg. for the reduction process and 58 mg. 
per cubic meter for the purtheation process. 
Thus. on the basis of Goldblatt’s data the 
concentrations found were toxic from the 
point of view of acute and chronic exposure 


alike. 


Severe 


In fact, exposure in that plant was 
during the period of study cyanosis 
Was a common finding; the methemoglobin 


and sulfhemoglobin values were higher than 
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those found in any other of the plants ex 


(and this is the most 


the 


amined, and signifi 


cant) two. oft Workers exposed 


developed anemia during the four weeks ot 


production, and one of them had to discon 


tinue working because of intoxication. Un 
doubtedly, the high concentrations found 

the air may have plaved a role in the toxt 
effect, but cannot be held solely responsible 
as the danger of absorption through the skin 
Was 


very great throughout the production 


process. “Phis circumstance makes it rathet 


ditcult for us to evaluate the air concentra 
tion values, as there is no way of knowing 
the exact share of inhalation pet 
cutaneous absorption the responsibility 
for the pathological changes 


6. In the plant) producing mitrobenzene 


and related compounds the air concentration 
tests were carried out im three stages, and, 
the table, in all 


stages and in cach phase of production the 


as can be seen in three 


average concentration for every nitro com 


pound far exceeded the permissible level 


for nitrobenzene (5 mg. per cubic meter) 


and for p-mitrochlorbenzene and dinitro 


chlorbenzene (1 mg. per cubic meter). Thus, 
there is not much else to say from this 
point of view. On the other hand, the faet 
that the values found were far in excess of 
the safe limits raises the question whether 
the values found in the plant reach the tox 
level and what is their significance from. the 


We 


think that the concentrations found are not 


point of view of health, in general 


toxic and we base this belief on the results 
of a comparative study made in the plant 
A few years earlier (in 1952) among those 


working in the plant in question there wert 


some cases of anemia ascribable to mitro 


benzene effect: cases of imtoxication also 


occurred, and in that period, lasting about 


six months, repeated tests revealed an 


average air concentration of nitrobenzene 


of 196 mg. per cubic meter in the air of the 


11 


workshops.!! Pereutaneous absorption may 


undoubted|y have played a role in the de 
velopment of changes, but the contamination 


of air was the decisive actor, as became 


IN. July, 1958 


ig 
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THRESHOLD AND TOXIC LIMITS OF 


obvious from the fact that after ventilation 


had been improved (without) substantially 


lessening the danger of poisoning by con 


tact) the cases of 


anemia and intoxication 


disappeared. Thus, the concentration of 196 
mg. per cubic meter found at that time was 
undoubtedly toxic, 


it led 


study 


because the exposure to 
to disease. In the present period of 
the possibility. of 


the 


percutaneous ab 


sorption was same as before, but the 


average air concentration values were much 
lower, and, as can be seen in the table, varied 
from 15 to 29 the 


pathological conditions, anenua asecribable to 


mg. At same time, 


nitrobenzene effect, did not occur. rom this 


we drew the conclusion that the air concen 


tration levels not higher than about 30 n 


ng 
per cubic meter (in contrast to the 196 mg 


value determined earher) do not reach the 


limit of toxte It\ Yet, even these levels 


impair health, as is suggested by the in 


creased methemoglobin and sulfhemoglobin 


levels and the formation of Heinz bodies 


However, the problem cannot be solved, for 
just as in the other plant, here, too, we 


cannot tell in what measure percutaneous 


absorption could be held responsible for the 


developme nt of svimptoms 


Comment 


\n evaluation of the role of contamina 


tion of air ts rendered dithcult by the fact 
that the aniline compounds in question are 
absorbed not only through the respiratory 


tract, but We 


values are 


also through the skin 
state that air 


can 
concentration non 
toxic only in case symptoms and signs sug 
gesting intoxication are absent) (as for 
example in the acetanilide and ethylaniline 
plants). When such symptoms are present 
(anemia, Heinz bodies, methemoglobin, and 
sulfhemoglobin), it 1s always doubtful in 
what measure inhalation and in what meas 
ure absorption through the skin can be held 
responsible for them. For this reason it ts 
not only difficult to evaluate the results ob 
tained, but also one should doubt the value 
limits in the case of 


of air concentration 


substances absorbed through the skin, too 


Pacséri et al 


IMINO 


IND) NITRO COMPOUNDS 


Phus, it would be advisable to le velop { 


biological test disregarding the route 


which the the 


Such 


through poison may enter 


body evidence call be obtained by 


sulfhemoglobin and methemoglobin studies 
and in the case of compounds with known 
urinary excretion 


values by a quantitative 


assay of excreted products 


Summary 


In seven plants producing aromatic mitre 
and amino compounds attempts have been 


made to determine the subtoxic or tox 


nature of air contamination by subjecting 


the workers to serial clinical and hemato 
logical examination (methemoglobin, sult 
hemoglobin, erythrocyte — count, Heinz 


) 


inalvses were carried 


total of S98 chemical an 


out, and 135 workers 
examined he 


have been 


results are as 
follows 


| he 


plants produemg acetanilide and ethylani 


negative medical findings in_ the 


ine indicate that the average concentration 
found (1.7 mg. per cubic meter for acetamt 
lick 


and 22.5 mg. per cubic meter for ethyl 
aniline ) 


was subtoxic in nature 


In the plant producing p-anisidine the 2.3 


mg. per cubic meter value for mitroamtsole 
and the 1.9 mg. value for antsidine cannot 


be considered to be 


toxic, as none of the 
workers developed anemia or chromic intoxt 
during the 


cation 


pet wal of observation 


Phe possibility of percutaneous absorption 


and the additional nitrobenzene 


effect: pre 
vent one from stating whether or not these 


values permissible 
No chronic intoxications occurred in the 
phenacetin plant, either, indicating that the 


average nitrophenetole concentration (21.7 


mg. per cubic meter) found there was not 
toxic. The same applies to the average 


concentration of  mitrochlorbenzene 


com 
bined with nitrophenetole (3.6 mg. per 
cubic meter). The higher methemoglobin 


values and the appearance of Heinz bodies 


indicate, however, that the aforementioned 
average concentrations may exceed the per 


missible limit 


: 


A.M 


The intoxications encountered during the 
test period in the plant producing p-chlor- 
indicate that the 
60 mg. per cubic meter found there were 
toxic. 


aniline values of around 


Here, too, a proper evaluation 1s 
hampered by the fact that there was a great 
possibility ot absorption through the skin. 

The mg, 


meter found in the nitrobenzene plant ex- 


values of about 30 per cubic 


ceed the permissible limit, but are certainly 


nontoxic. This view is corroborated by the 
fact that in earlier studies average concen- 
196 mg. had 


found to cause intoxication, whereas 


trations of per cubic meter 
been 
in the present study no disease was caused 
by the 15 mg. to 29 mg. per cubic meter 
concentrations, although the possibility of 
percutaneous absorption was the same as be- 
fore. 
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Neurotoxicity of Some Selected Hydrocarbons 


D. W. FURNAS, M.D., and C. H. HINE, M.D., Ph.D., San Francisco 


Reports on the toxicity of aromatic hydro 


carbons have been more concerned with 


effects on bone marrow viscera than 
with neurotoxicity. Although clinical effects 
on the central nervous system have fre 
quently been mentioned im toxicologic re 
only two reports have 
been found which include histologic study of 


nervous tissues 

Mallory '? made a histologic study of mia 
terial from 19 persons chromeally imtoxt 
cated with benzene, and in one case found 
several subarachnoid hemorrhages over the 
and in the basal 


cerebrum gangha. The 


largest, 4 2.4 em., appeared in the thalamus 
and left lenticular nucleus. There were also 
petechiae im the bram= stem and purpuri 
other 


hemorrhages throughout organ 


tems. There was no climeal information on 
the case, but the AULOPsy protocol suggests 
that these lesions were secondary to severe 
depression of the bone marrow. 

Hine et al.” reported that rats exposed to 
p-tert-butyltoluene (TBT) 


ataxia, tremor, paralysis, and spasticity, as 


Vapor showed 


well as severe respiratory irritation and 
damage to liver and kidneys. Ungar et al." 
then studied sections of the brain, spinal 
cord, and sciatic nerve of some of the rats 
used in these experiments, using various 
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specialized stains reported deposits 


of metachromatic material in the ghial ele 


ments of the cord and brain, In relation to 
mvelin sheaths, and scattered in vacuoles 


throughout much of the brain and cord. 


Satellitosis, merease, destruction of 


neurons, and patchy demyelination, appeared 


in the brain and cord. Ungar classified this 
of the 


nervous system which histologically 


solvent among the potsons central 
affect 
primarily the white matter. 


The of the etherized 
rat was reported by Travis and Milsen ™ 


in 1936 


normal and 


\lthough such tracings are non 


specie and do not delineate the mode and 


site of action of toxic agents, according to 
Poman and Davis!® there are typical se 


quences and patterns of activity for many 
drugs active in the central nervous svstem 
No references to encephalographic studies 


of the 


benzene derivatives were found in 


the literature. 

Because so little is known about the his 
tologie and functional effects of the aromatic 
hydrocarbons on the central nervous system, 
eight of the series were selected for study 
(Table 1). 


ene is reported to be more irritating than 


Among these compounds, tolu 


benzene, and a more potent narcotic.!*° 


Xylene ts also a more potent narcotic than 
Pillip reported | that the para 
isomer caused twitching and tremors fol- 


benzene 


lowed by depression, and was twice as lethal 


as the other two tsomers, which caused 


depressi¢ m only. 


Reports on evymene are 
few. Ziegler | noted headache and nausea 
in man after its ingestion. No reports have 
been found concerning neurologic effects of 
other ‘compounds in the series. 

For the purpose of the present study it 
was desirable to produce maximum damage 


to the nervous system. Hicks had reported ®&7 


2 
; 
— 


A 


TABLE 1 


Compound Structure 


Benzene 


Poluene 
Xylene 
-Ethyl-toluene 
-Methyl-styrene 
Cymene 
p-tert-Butyltoluene 


m-tert-Butyltoluene 


that single doses of cyanide, insulin, nitro 
gen, and fluoroacetate produced few lesions, 
whereas reproducible, specifically localized 
brain lesions followed when rats were given 
rapidly repeated injections or vapor expo 
sures to barely sublethal amounts. There 
fore, it was decided to give rats single and 
repeated exposures, as severe as possible 
The 


degree of injury was assessed histologically, 


without) producing 100 — mortality. 


and in some cases by electroencephalography 


and oxygen-uptake studies on) brain-tissue 


slices. 


Methods 


Male rats of the Long-Evans strain were used 


throughout For acute tests the weight 
was 100 to 200 em for subacute tests they 
100 to 150 gm., and for EEG studies 


gm. Was more suitable 


were 
150 to 300 
All rats were of the same 
stock and obtained Simonsen 


breeding, from the 


Laboratories at Gilroy, Calif 


The hydrocarbons were chemically com 


pure 
pounds provided by the Shell Development Com 
pany, 


Emeryville, Calif. The exposure apparatus 


was similar to that previously described * and 
utilized a constant metering device which delivered 
the hydrocarbon at a known rate into the vaporizer 


The 


capacity, and 


chambers were of glass, about 35 liters in 


were housed in a large enclosed 


cabinet. The cabinet had a circulating air supply 
which could be maintained at temperatures as high 
as 110 F in order to increase the partial pressure 
of the hydrocarbons 

1. Clinical Effects —The object of the first ex 


periment was to establish the clinical effects of 
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A. ARCHIVES OF INDUSTRIAL HEALTH 


Physical Characteristics of the Hydrocarbons Tested 


Boiling 


specific 
Point, C 


(rravity 


Mol. Wt 


92.06 
106.06 
120.09 


192-193 


each solvent and to determine the effective concen 
tration for use in subsequent experiments 

The concentrations chosen for 
10,000, 


were 


benzene, toluene, 
S000, and 4000 ppm, 


Lazarew as 


and xylene, were 


respectively, which viven by 
the approximate lethal concentrations for a seven 
hour exposure. By analogy with Lazarew's report 
on p-methylpropyl benzol, the level for p-cvmene 
was set at 10,000 ppm. For TBT and its meta 
isomer, 1000 ppm was used, since Hine“ had re 
ported 934 ppm as the one-hour L¢ for TBI 
The levels for ethyl toluene and methyl stvrene 
4000 and 1000) ppm re 


If a concentration proved too low for 


were arbitrarily set at 
spectively 
rapid effect, it was raised during exposure until a 
satisfactory level had been achieved 

The rats were placed in the chamber in 
They 
then removed and given artificial respiration to 
The 


concentrations were noted 


pairs 


and exposed until they became apne wert 


ald 


recovery clinical signs and the effective 


2. Acute Toxicity.—Since methyl stvrene showed 


no effect on the central nervous system, it) was 


not used in the second study. The rats 


exposed In groups of eight to the 


were 
concentrations 
previously found effective, and 


were removed im 


they showed 
They 


as soon as they recovered 


dividually from the chamber when 


convulsions or respiratory arrest were 


returned to the chamber 
\fter 


several deaths occurred, the exposure was 


terminated. Twenty-four hours later, the rats were 
chloroformed. The 


proximately the cervical plexus), and one sciatic 


brain, spinal cord (at ap 
nerve were preserved in 10% formalin 
TBT and 
Two experimental’ groups of 

1000) of 


while one 


3. Subacute Toxicity of Benzene 
10 rats each. were 
TBT and 10,000 
group of 6 rats re 
mained unexposed as a control 


exposed daily to 
ppm of benzene, 


Exposures were 


lol. 18, 


July, 1958 


— 
ri 
CH; CH, 137-140 
= 
CH CH.CH 162 
CHK CH=CH, 170-175 0.90 
ki 
ie CH« CH(CH,): 134.2 177 0.86 
CHK C(CH))s 0.86 
CHA 14s 0.86 
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: 
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VECROTONICITY OF SELEC 


brief at first and inereased to 30 minutes 1 
benzene and 60 minutes for TB \t this point 
the number of exposures was increased to twe 


a day of this duration After 17 davs of ¢ Y posure, 
the survivors were killed and examined in 
| Xperiment 2 
thect on Ona n ( ptak f tl 

Bran | ices from one of the voung 7 

rats were suspended im 0.27 gl se- Ringe 
solution, emher saturated with TRI of 
without this addition. Oxygen uptake of the slices 


in the two media was measured with a standard 
Warburg apparatus every 15 minutes for 
hours 


md t-channel push-pull an cation 
EEG machine was used at a standard speed or 3 
CMM / See tor all recordings Four needle electrodes 
were attached through the = s ilp ot the rat, one 
above eacl CVve ind one in front of each « ( 

Ing a trapezord roughly | em. on the anterior sice 
wd 2 en on the other sides Records were ma le 
ot the potentials between eacl electrode the 
others. An air-tight port was arranged for et 


rodes into the exposure chamber 


Phe rat was etherized and bound wit! 


lape to a rack of corrugated cardboard provides 


with holes through which the legs protruded he 


electrodes were adjusted, and after the rat 


completely recovered trom anesthesia, se veral con 


trol recordings were made Immobilization was 


sufficient to keep muscular artefacts at a minimiun 


Exposure to 10,000 ppm benzene or L000 ppm TRI 


was then begun. Records were made every 15 
minutes until the rat appeared moribund; more 
frequent recording was then desirable 

Results 


1. Clinical | frects In all cases, rats that 
survived recovered without apparent seque 
lae. 
Benzene: The first pair of animals was 
exposed to 10.000 ppm. Dyspnea, twitching 


of the whiskers, and ataxia, were followed 


by hyperreactivity to auditory stimuli. There 
were rigid tails and carpopedal spasm, with 


Vio 


lent twitching appeared at intervals by 40 


generalized quivering, at 30° minutes 


minutes. This pieture remained unchanged 
at two hours, except for increase in violence 
of the which occurred 


twitches, once or 


twice a minute. These were not organized 
like convulsions, and were severest in 
The 


were salivating profusely, and the skin felt 


the 


distal aspects of the extremities. rats 


Furnas 


IRBON 


cooler than the 


normal te 


touch. Rats ex 


posed to 20,0000 on 


10,000 ppm showed the 
preture, which at veloped More rapidly 
and there were some deaths before the two 


hours had elapsed 
| thyl Poluene Phe effects tat 
to those of benzene 


\ vlene \ 


Was Inelfective, but 


were similat 


concentration of 4000 


ppm 


at 20.000 1 etfects 


ppn the 
were almost identical with those of benzene 


MM 


10.000 


fP-Cymene ppm, the effects 
were similar to those of benzene, but MOre 
rapid. The exposure was terminated at 45 


minutes, when apnea 


appeared 


Poluene: Since 3000) ppm 


proved inade 


quate, the level was raised ¢at 20 minutes ) 
to 10,000, and then to 20,000 (at one hour ) 


\t this 


irrit 


level, there was more evidence of 


ation than with 


benzene. Phere Was 


depression but no quivering. or 


g twitching, 
and no hyperresponse to auditory stimuh 
Butvl Toluenes: Both the meta- and para 


caused of 
membranes at LOOO ppm than did benzene, 


toluene, or xvlene 


more writation mucous 
Convulsions appeared at 
LOO minutes: otherwise the signs were sim 
ar to those observed with benzene 
Methyl Styrene 
local 


other compounds, 


At 1000 ppm, there was 


more Irritation 


than with any of the 


but no neurologic signs 
other than generalized depression. The rats 
died in about two hours. 


2. Acute Toxicity A breakdown of the 


number « 


f exposures given, the exposure 


peru the 


concentration of solvent. and 


the mortality. ratios, is given in Table 


In general, the clinical effects were the same 
as in the first experiment. One rat exposed 
to xylene had severe tonic-clonic convul 
sions similar to a grand mal seizure. al 
though no true convulsions had been seen 
in the first experiment. Mortality was 100 
among rats exposed twice (for 50 and 30 


minutes) to at 4000 ppm. 


Three of 


these rats died shortly after convulsions, 
the other five within. five hours. When 
seven more rats were exposed for one hour 
to 1000) ppm, four died. One survivor 


showed residual neurologic signs 24 hours 


1] 


i 


A. M.A. ARCHIVES OF INDUSTRIAL HEALTH 
Taste 2—Summary of Results of Acute Toxicity Tests 


Exposures Clinical Effects * 
Compound Ppm Mortality 
No Min Ratio Local Quivering or 
Irritation Depression  Twitching Convulsions 
3/8 + +4 +4 


Benzene 40,000 5 38 


Peluene 20,000 


Xylene 10,000 


Ethyl] toluene 4,000 


5.000 to 
p-C ymene 10,000 


m-tert-Butyltoluene — 4,000 


4,000 


1,000 


* The minus sign indicates a negative effect; the number of plus signs is intended to convey an impression of the comparative (not 
ibsolute) severity of effect 


after exposure. This was the only residual The slides showed no specific damage to the 
sign seen in the series of experiments. central nervous system. There was some 

Pathology.*—At necropsy, no gross le- shrinkage of neurons, pale. or irregularly 
sions were seen, other than those attributable — stained cytoplasm, but this occurred in con 
to local irritation of the respiratory tract. trols as well -as in experimental animals. 
* Carried out in the laboratory of neuropathology 3. Subacute Toxicity. As shown in 


of the Langley Porter Clinic, San Francisco, under Vable 3, exposures Were given once daily m 


the supervision of Dr. N. Malamud the beginning, the first of 12.5 minutes’ 
TABLE 3.—Subacute Exposure to Benzene and TBT 


Exposures 
Group Day No Mortality Mean Wt. 
Minutes Ppm Ratio Gain, Gm 


Controls 0 


Benzene 10,000 


* Twelfth day. 


‘ol. 18, July, 1958 


30 
20 
18 
: 25 Os 4 
2 +4 rare 
30 
30 
30 
1 60 (5/8 
Is 
40) 
35 
25 
10 
15 
45 
30 
3 70 3/8 + +4 $ 
70 
2 50 
° rBI 30 + 
| 
1 12.5 
2 15 
: 3 17 
2/10 * 20 
5 22 
6-17 2 30 
: 1 12.5 
2 15 
3 l 17 
4 20 
; 5 22 
: TBT 1,000 0/10 0 
6 30 
35 
Ss 2 40 
9 AO 
10-17 60 & 
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NEUROTOXICITY OF SELECTED 


TABLE 4 


Group 


mesn 


Control 


mean 


duration, and were increased to two a day, 


of 30 minutes for benzene and 60 minutes 


for TBT. It was necessary to increase the 
exposure to TBT to induce neurologi 
symptoms. It was also necessary to remove 


reached a convulsive state, to allow recovery 


the rats temporarily before they 

The TBT rats. were more seriously af 
fected than the benzene group, but by the 
17th day all rats were so weak, lethargic, and 
poorly coordinated that the exposures were 
terminated. 

Microscopically, the nervous tissues of 
both experimental and control animals were 
similar to those of rats in the acute experi 
ment 

Effect 


the Brain 


TBT on Oxygen U ptake of 
During the two-hour incubation 
period there was no significant difference in 
oxygen uptake between brain slices exposed 
to TBT slices. 


summarized in Table 4. 


and control The data are 
The concentration of TBT in the glucose 
10-4 M (192 ppm) 
by the spectroscopic method described by 
| line 

5. Electroencephalographic Studies with 
Benzene and TRT 


10,000 ppm of benzene there was no relevant 


Ringer solution was 1.3» 


At a concentration of 


change in the record over a period of about 
an hour. The concentration was increased 
to 25,000, and shortly thereafter high-voltage 
slowing appeared. The frequency was about 
3 per second with potentials of about 200,v., 
as compared with the resting frequency of 
5/sec. with about 75yv. potential. During 
the five minutes of exposure to this con- 


centration, the only change was slight dim 


H me 


Furnas 


Oxygen Uptake of Rat Bram Slices in Vitro * 


Microliters of oxygen per milligram wet weight of tissue per ho 
+ Thicker slices of tissue in this flask may account for the low up 


HYDROCARBONS 


Minutes 


inution Of potentials 


\bout 


after cessation of exposure, the record ap 


half an hour 
proached normal, with slightly lower poten 
tials and a frequency of about 4/sec. A 
30,000 ppm 


twitching in 10 minutes. 


concentration of caused con 


vulsive 
After exposure to 
1000 ppm of TBT, the potentials began to 


about two hours of 


from the resting 50uv. and occa 
sional high-voltage (100 to 150nv.) spiking 
appeared. At about three hours, the general 


potential exceeded and paroxysmal 


appeared, fol 
lowed by sinusoidal and irregular activity 


bursts up to 200uv., 5/sec 


which became more prevalent and-slowed to 


sec 
After 


began to decrease and the frequency fell 


about four hours, the potentials 


to 2/sec. During the next half hour the 
cerebral potentials continued to diminish, 
becoming more and more irregular and fea 
tureless. Just before death (at 4.5 hours ) 
the principal activity was a baseline sway 
at about 1 eps, apparently corresponding to 
respiratory movements, 

Benzene 


exposures, therefore, caused a 


certain amount of cortical stimulation fol 
lowed by profound depression and death, 


while TBT 


irritation before depression supervened. 


caused a more toxic cortical 


Comment 
Lehman and Flury ' have suggested that 
solvents may act in four ways: the solvent 
or its metabolites may be directly toxic to 
the tissues, or the damage may stem from 
release of toxic 
products of tissue decomposition. Conver 


autogenous material or 
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: 15 30 45 60 75 90 105 120 : ae 
1.84 1.96 1.06 1.84 2.15 1.96 1.84 
1.97 1.74 1.9 1.64 1.86 1.97 1.74 
1.67 2.05 1.22 1.83 1.67 1.83 1.60 1.67 
1.83 1.92 1.68 1.48 1.73 1.95 184 
1.83 2.08 1.91 1.91 1.91 2.08 2.08 1.67 ma 
2.13 2.06 2.00 2.06 2.13 2.06 2.12 1.67 ea 
1.92 1.66 1.14 0.70 0.6) 0.26 0.53 0.17 
— 1.96 1.93 1.68 1.50 1.55 1.47 1.58 1.17 a 
ur. 
take 


! 


sion products have been considered respon 


sible for benzene’s toxicity. Baglioni 


suggested that phenol, an oxidation product 
of the 


Tschernikoft 


toxic Later, 


1” 


benzene, Was agent. 


however, compared the ef 
fects of phenol and benzene and concluded 
that the neurologic pictures were of different 


types. Joachimoglu and Kopenhofter 
found high concentrations of benzene in the 
brains of animals after ingestion. From our 
observations, we would consider that benzene 
acts directly, without requiring metabolism 
for its effects. 

Phe only reference to release of auloge 
nous substances by benzene was reported in 
the Bulletin of the New Jersey State Depart 
ment of Health,’ release of histamine in the 
lungs of animals exposed to benzene was 
reported. 

Since there is considerable damage to the 
liver and kidneys from some of these hydro 
carbons,! the release of toxic products of 
tissue dec mposition may occur. Globus and 


‘ child 


effects 


Bender! published an’ account of a 


who showed abnormal neurologic 
following a very severe burn; microscopic 
study of autopsy specimens showed a pic 
ture resembling that of multiple sclerosis. 
However, the production of convulsions by 
the compounds studied cannot have any such 
origin, as they oceurred before products of 
could have reached toxic 


tissue damage 


amounts. 


The signs of intoxication might also be 
attributed to anoxia, since Morrison ' sug 
gests four types of anoxia that are associated 
with histopathologic effects on the central 
nervous system: anoxic, anemic, stagnant, 
and histotoxic. Since the experimental ani 
mals showed no cyanosis during their se 
anoxic anoxia would 


verest episodes, not 


seem to be implicated. However, pulmonary 


hemorrhage was evident at necropsy of 


many animals, and respiratory insufficiency 
was the apparent cause of death in many 
Cases. 

ot 


Anemia is certainly induced by some 


these compounds,’ but the onset of signs 
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precedes any possible toxic anemia. Stag 
nation might occur, but would be insufficient 
to cause the acute severe signs observed: 
there was no evidence of vascular occlusion 
or focal necrosis. 


A 


onstrate 


fruitless attempt was made to dem 


histotoxie anoxia: however, ts 
absence in vitro does not rule out the possi 
bility of its occurrence mm vive. The intlu 
ence of this final type therefore remains t 
be eliminated. 

It was surprising to find no evidence ot 
histologic damage to the nervous tissue, even 


Ungar et 


with In this regard, the findings of 
It 


possible, but not very likely, that) Ungar’s 


were not contirmed. Is 


specialized stains brought out changes not 
visible with the standard stains used in this 
experiment ( Nissl and Weil myelin stains) 
It is also possible that the male rats used im 
this experiment were less sensitive than the 
female rats used the previous work 
different 


pathologists, perhaps with different criteria 


leurther, the slides were by 


for the limits of normality. 

Clinical evidence of neurologic dystune 
tion was confirmed by the [eG tracings im 
TBT, 


ence the other compounds: tested, with the 


the case of benzene and and by infer 


exception of methyl styrene, may be included 
in this indictment. 


It was interesting that the toxicity im 


creased with molecular weight, but not in 
order. Benzene was the least 


direct TOXIC, 


and toluene was next. Among the substi 
tuted toluenes, the toxicity increased as-the 
p-methyl, p-iso 


m-tert-butyl,  p-fert-butyl, 


altered thus: 


p-ethyl, 


and p-vinyl. 


substituent 
propyl, 
Irritation by the last-named 
four was also decidedly greater than by the 
compounds of lower toxicity. Convulsions 
oceurred only with xylene and the butyltolu 
enes, While twitching was common with all 
compounds except toluene and methyl sty 
rene. It is difficult to see any relationship 
between the neurologic signs and the type of 
substituent on the ring. 

The only unsaturated compound, methyl 


stvrene, was the most toxic and most irri 


Mol, 18 


he. 
My, 195) 
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tating, and the only one which showed no 
central stimulatory effect. Unsaturation does 
increase toxicity and irritation im many 
instances. bor example, allyl aleohol is both 
more toxic and more irritating than the 
saturated alcohols (Dunlap et alt); it alse 
ditters im the type of depression caused 
and the absence of preliminary stimulation 
However, it would be unsafe to assume that 
the differences between methyl. styrene and 
the saturated compounds were due to the 
double bond, and to this only. As regards 
the other compounds, ethyl and isopropyl 
would seem to have changed places if. the 
toxicity and irritance of the series depended 
on molecular weight alone. However, this 
sequence of efficacy is not at all uncommon, 
ind molecular weight is not assumed to be 


more than a contributing factor 


Summary 


Under the conditions of these experi 
ments, none of the hydrocarbons tested 
caused demonstrable histologic damage to 
the central nervous system. The oxygen 
uptake of rat brain slices in vitro was not 
altered by saturation with p-fert-butyltoulene 
(TRT) at room temperature. However, the 
clinical picture in rats suggested that all the 
compounds except methylstvrene had a toxic 
effect on the central nervous system. In 
confirmation of this effect, EEG tracings 
p-tert-butyltoluene 


marked cerebral stimulation followed by 


showed — that caused 


profound depression, while benzene caused 
depression preceded by milder stimulation 


University of California School of Medicine 
(Dr. Hine) 
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Los Angeles 


The published reports on the biological 
effects of ozone have been extensively cov 
ered in reviews by Thorp! and Stokinger.* 
More recent information on the toxic ettect 
of ozone on mammals has been reported by 
Wagner, and 
Mittler 


However, the ef 


Stokinger * and Stokinger, 
Wright. 


and his collaborators." 


Gage,” and 


Diggle and 


fects of ozone on young chicks have not 
been described. 

We have tested the lethal effects of ozone 
on young chicks preliminary to obtaining 
data on the combined effects of ozone and 
respiratory virus infection on chick mortal 
ity. Haagen-Smit* has shown ozone to be 
an important element of air pollutants in 
Los Angeles, and we are interested in the 
association between air pollutants and re 
spiratory infection. Consequently, it has 
been used in the present study. 

It is the purpose of this report to describe 
(a) the effects of continuous exposure of 
voung chicks to ozone, (>) the lethal effects 
of limited exposures, three and one-half 
to six hours’ duration, and (c) the lack of 
development of tolerance to ozone in- the 


young chick. 


Material and Methods 
haxposure The 


chicks was carried out in two types of chambers 


Chambers exposure of the 


The first, a Jamesway commercial egg incubator, 
Model 252 


humidity 


(Fig. 1), in which temperature and 


were regulated, was adapted with an 
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The Toxicity of Ozone for Young Chicks 


J. J. QUILLIGAN Jr., M.D.; ROBERT D. BOCHE, Ph.D.; 


HANS L. FALK, Ph.D., and PAUL KOTIN, M.D., 


duct 


exhaust 


connected to a squuirrel-caye 


located on the root of the 


The 


adaptation consisted of 


building stories 


above Intake air was not hltered 


holes 


approximately 


Further 
drilled the sick 


of the chamber, midway, for the 


introduction of ozone and the removal of samples 


Eggs and chicks were exposed continuously to 
ozone in the racks and trays of this incubator 
\n unadapted incubator was used for control pur 
poses The SEC ond t Xposure ( han bet Was an 


Eleonap laboratory incubator, Model B-5 (Fig. 1) 
Similar exhaust and intake adaptations were made 


\ small 


lation was also placed inside the chamber 


squirrel-cage fan for efficient air circu 


In this 
incubator young chicks were given ozone exposures 


of three and one-half to six hours’ duration for 
lethal dose studies 
Vethods of Exposure-—The determination of 


the L. D.s, for the young chick was carried out 


using different techniques in three different series 
ot exposures. In the first, young chicks of varving 

Fig. 1—The Jamesway 
ozone exposure of 
the foreground 


Incubator adapted tor 
eggs and chicks is shown in 
The Eleonap incubator used in 
some of the exposures 1s seen in the background 


| 
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TOXICITY OF OZONE FOR YOUNG CHI 
but known age were exposed stainless steel 
cages 12187 in. with wire mesh tops in groups 


ot 10 to 15 per cage. The concentration of ozone 


was varied by regulating the oxygen flow throug! 


the ozonizer; the exposure time was kept constant 


ttosix hours. At the end of the exposure period 


the chicks were placed towether ina lar amma! 


ue 


age with food and water ad libitum. Variability 


the results obtamed in the first series suggested 


the l 


might 


that restriction of age to to 7 days witl 


umproved postexposure care decrease the 


nonrandom variability. Failure of these technical 


provements to vive reliable results in the second 


series prompted the construction of individually 


compartmentalized exposure cages from perforated 


aluminum (Reynolds Metals Company), used in 
the third series of experiments. Groups of five 
ammals separated from each other were exposed 
together in these cages and maintained after ex 
posure in larger cages. This third series also dif 


fered from the preceding two in that exposure time 


varied three 


was trom and one-half to five and 
one-half hours at relatively constant ozone con 
centrations 

(Isom The method = of preparation of ozone 


was the conversion of tank oxygen subjected to a 
12,000 volt spark in an ozonizer emploved by Kotin 


Falk The 


valve was augmented by the addition of 


und usual reduction 


a Manostat 


pressure gauge 


Corporation capillary-ball flow meter obtained 
trom Gremer Glassblowing Laboratory.* Phas 
gave better regulation of the concentration otf 
ozone. In order to achieve low concentrations of 
ozone and to provide OxVeen tor respiration, com 
pressed air was introduced into the chamber. to 


dilute the ozone. No attempt was made to wash 
the air entering the chamber 

Osone Determination. The neutral potassium 
iodide method of Ladenburg and Quasig was 
used. In most experiments with the eggs and 
chicks in the Jamesway incubator, determinations 
were made once or twice daily However, the 


exposures of the chicks in the small chamber were 
limited to six hours or less: consequently, more 


frequent determinations were made. In all instances 


the average concentration of ozone was calculated 


for the period ot exposure The samples trom 


* 3604 E. Medford St., Los Angeles 63 
TABLE 1.—kffect of Continuous Lxposure 
Cumulative 
No. Chieks 
2 
Exposed 370 16 304 
Per cent 100 42.2 82.2 
Controls 273 2 


Per cent 


* 1.96 + 0.19 ppm 


} 


et al 


Outlligan 


AS 
the chambers were removed by a. suction punip 
with a Manostat Corporation How meter in the 
suction line. The ozone was trapped in the neutral 
KI solution contained Folin-Wui sugar tubes, 
the liberated 1odine being titrated with NaeSeO 


The concentrations are expressed aS parts OF OZOTIE 


per 1,000,000 parts of air, volume/volume 
Chicks.—A_ constant source of supply of higl 
grade fertile white eggs was delivered weekly to 
the laboratory.+ They were incubated in one or 
the other Jamesway incubator after random selec 
tion from each batch. The eggs were candled 10 
days after imeubation and then allowed to hatel 
Phe viability ane hatching rates were then calcu 
lated and no consistent significant differences be 
tween viability. or hatching rates attributable to 
ozone exposure were observed between the eggs 
m the ozone and the control chambers. However, 
effects on the newly hatched chicks were observed 
and are described below The chicks emploved 
in the later studies were obtained from eges hatcl 
ing m the control incubator \fter hatching they 
were placed under a commercial brooder for a few 
davs after which thev were kept at Troon tem 
perature 
Results 


In the early experiments where the egg 
were exposed continuously to concentrations 
1.96 t 0.19 ppm) ot 


ozone no consistent effect was observed on 


of 1 to 4 ppm (mean 


vialnlity or hatching rate, probably because 
of failure of the ozone to reach the embryo 
However, after hatching, the chicks in the 
ozone chamber would die within a few days 


Phe pathological findings were principally 


those of edema and hemorrhage of the 
lungs. The largest number were dead within 


48 hours and all but occasional chicks were 
dead by 72 hours. These surviving chicks 
would also rarely continue alive beyond the 
Table 1 


11 experiments, in which 370 chicks were 


experimental period. summarizes 


exposed, and these data are shown graphi 
cally in Figure 2. 


+ Kimber Farms Inc., Pomona, Calif 
of Newly Hatched Chicks to Ozone * 
Vortality 


No. Dead on Day 
4 
363 Stith 367 
97.8 98.1 99.2 
4 12 66 


a 
100 0.73 0.73 0.73 1.47 1.4 194 24.2 24.2 | 
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A 


a O, 1962019 PPM 


* CONTROLS 


MORTALITY 


2 4 6 

DAYS OF EXPOSURE 
Fig. 2—The effect of 
young chicks to ozone 


continuous exposure 


TABLE 2.—kE:ffect of 


wmnul 


Age of Chick 0, Cone 


1 week 

1 week 

2 weeks 
15 days 
3 weeks 
3 weeks 
4 weeks 
1 month 
Adult * 


1.47+0.20 
2.65+0.34 
2.624+-0.24 
2.98+-0.20 
2.99+0.12 
3.02+0.13 
2.99+0.19 
3.13+0.09 
3.18+0.20 


* The adult chickens varied in weight from 1440 to 2360 gym 

Further tests of the chicks were carried 
out after they had hatched from the control 
The 


of experiments where chicks of different 


chamber. data for the second series 
ages Were exposed continuously to ozone 
are shown in Table 2. 

the 


described, in which the exposure to ozone 


In contrast to experiments just 


Was continuous, we experienced difficulty in 
determining the L.. D.s56 for limited acute ex 


posures, owing to various technical reasons. 


As previously explained, groups of chicks 


were exposed to Ox, concentrations from 
approximately 5 to 23 ppm for six-hour 
periods. The chicks varied in age from 1 
day to 1 month in different experiments. 
Phe results shown in Table 3 were inconsis 
tent and did not allow a precise estimate of 
the L. D.so to be given beyond saying that 
for chicks 1 day to 1 week of age the L.. D.so 
is between 5 and 10 ppm. The data on 655 
chicks are also graphically shown in Figure 
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3.. It was that the 
Nuenced by the postexposure conditions such 
caging. 
second series of chicks, 1 to 7 days of age, 


found results were in 


as temperature and However, a 
kept under more favorable conditions did 
not vield reliable results either, although 
the apparent L.. D.s9 (9.7 ppm) was probably 
somewhat higher than in the first. series. 
When the log of the percentage surviving 
was plotted against the days after exposure, 
as in Figure 4, it was observed that the 
survival decreased approximately exponen 
tially and that substantially all of the mor 


tality occurs in the first five days. 


Mortality from 
ative Mortality 


Continuous exposure to 


Per Cent Dead on Day 


Ozone 


Stixv-Hour 


Toxicity 
First Sertes 


TABLE 3 for Young Chr 


Xposure 


vf 


O, Cone 10-Day 


Age of Chicks, 
Mortality 


* Numer 
exposed 


itor dead: denominator total number of chicks 
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100 - 
60 
| 
3 40 
20 
10 
Ozone: 
No. of Chicks 
1 2 3 4 6 7 
25 20 100 100 100 100 
‘. 25 0 ns w 92 92 roo 100 100 
21 ly Os 95 us 
27 85 93 93 93 96 
28 21 71 79 79 
75 75 7h 75 100 100 
5.2 “4 1/10 * 10 
4.3 7 3/30 10 
59 6/22 27.3 
: 8/30 26.7 
42 7 20/25 
74 12 W/17 
7 22/30 73.3 
on 22/30 74.3 aq 
9.2 10 3/15 20 
10.3 10 19/30 63.3 
13.6 4 30/30 loo 
14.9 4 12/12 100 
15.3 7 3/10 30 
15.5 Q/15 Ho 
16.4 5/23 21.7 : 
16.4 26.7 
17 21/62 33.9 
17.0 1/10 loo 
10/10 
17.7 40) 2/9 22.2 
19.5 1 S46 4 
19.5 14/15 93.3 : 
20.2 ! 10/10 100 
20.4) 4 15/15 loo 
23.1 4/10 
23.2 100 


10 


PPM 


toxicity of 


in the third series, involving 214 animals, 


the Oy concentrations were kept constant 
ind the exposure time varied. Five cages 
each containing five animals im individual 


compartments were placed im the Os cham 


bet A cage Was then removed at intet vals 


and one 
sufficient 
Phe 


within 


of three and one-half, four, four 


half. five. and tive and one-half hours 


experiment was repeated until a 


number of eXposures had been made 


technique diminishes — vat ibility 


the different experiments, thus increasing the 


precision of the determination Phe results 


ire given in Table 4 and Figure 5, where 


the mortality in probits ts plotted agaist 


the exposure in ppm-hours was 


found that the equation of the regression 


line shown in Figure 5 1s 
5 154404 


OOFOS 5601) 


where 


mortality in probits and x-cexposure im 


hours. From this the L. Dis was calculated to le 


535 ppn hours and x 3.74. -2<P<:-3, indicatn 


icceptable variability ou the data 


responds to an concentration of pypn tev 


Reed Muench analysis 


value of 56.8 ppm 


six-hour 


exposure 
wave an L. Dus 


hour 


It was of interest to compare the result 


for single exposure with the continuous 


4.—Toxicity of Ozone for 


mung Chicks 
Third Sertws 


Exposure Time—Hours 


4), Cone. Average ppm = 13.0 12.9 12 12 124 
( ppm-——hours 45.5 AL. 62.5 

Mortality—5 days 16/40 2040 245 38 45 

Per cent 10 w 44.4 73.3 71.1 


Outlligan et al 


SERIES 


SURVIVAL 


DAYS AFTER EXPOSURE 


} toxicity of voung chicks exposed 
for s ours in the first and second series and for 
mtervals up to SIX hours im the third 

series (Fig. 2) despite the fact that con 


tinuously exposed chicks accumulate their 


lethal dose in less than the mean survival 
Phe mean survival time was found 
to be 1.2 days in an Ox concentration of 
1.96 ppm. The mean total exposure im 
this case was thus 1.2 24 1.96=564 


hours, closet with the 


ppn 


acule 


agreement 


value (53.5) than might have been 


CRPCE ted 


Stokinger ** has reported that mice and 


rats. given appropriate nonlethal exposure 
(1 ppm for six hours) develop tolerance 


lethal 


weeks 


to subsequent exposure Which pet 


tor some 


sists 


confirm 


\ttempts te 


6.0 


MORTALITY 


60 

Fie. 5.—The mortality of young chicks, exposed 
for increasing intervals of time to ozone, expressed 


is probit values and C. T. in ppm-hour 
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60 4 PRE-E x POSED —— 
CONTROL ---— 
MORTALITY 
40 J 
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6 
DAYS 


Fig. 6.—The effect of reexposure 
the mortality of voung chicks. 


to 


OZone On 


this observation with chicks have not been 
successful, although several conditions of 
preexposure and challenge have been tried. 

Twenty-tive one-week-old chicks were ex 
posed to 2.86 ppm Os, for five hours while 
twenty-six animals from the same hatch 
were kept as controls. On the following 
day, and until all animals had died, they 


were both continuously exposed to a mean 


ozone concentration of 3.58 ppm (2.53 
4.76 ppm). The mortality curves for the 
two groups are shown in Figure 6.) Evi 


dently preexposure did not confer tolerance. 

This experiment was repeated with 25 
chicks who were exposed for five hours to 
2.93 ppm Os, allowed to recover for one 
week, and continuously reexposed to 2.10 


ppm Os, (1.54-3.38 ppm). There were also 


25 control chicks who were not exposed 
the first time. The results of this experi 
ment, shown graphically in Figure 7, also 
failed to demonstrate the development. of 
any tolerance. 

third 


similar result, though the conditions were 


tolerance experiment gave a 


varied. Sixty-two chicks, 3 days old, were 


TABLE 5.—Mortality of Chicks Ten Days After 


Reexposure to Ozone 


Challenge Challenge 
1 


Challenge 
3 


Interval after Ist exposure 3 days 6 days 9 days 
(17,ppm O, for 6 hr. 
0, Concentration for 6 hr. 
reexposure 17 ppm 75ppm 13.7 ppm 
10-day mortality preexposed 10/10 10/10 14/14 
10-day mortality controls 10/10 10/10 M/il 


20 
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604 
y 
MORTALITY 


404 


+ 
10 


DAYS 


20 


Fig. 7.—Mortality of young chicks exposed to 
ozone and rested for one week before reexposure 


exposed to 17 ppm Os for six hours. Under 


these crowded conditions 66.16¢ survived 
These were challenged in groups of 10 with 
and 9 


eXposure 


controls from the same hatch, 3; , 


days later, by single six-hour 
Table 5 gives the results of the experiment: 
no evidence for the development of toler 
ance, although the challenge conditions were 
not optimum. 

The last attempt to demonstrate tolerance 
in chicks was performed by exposing 31 
chicks 4 days old’ to low On» 


on three successive days. 


concentrations 
The 


time was six hours and the Oy, 


exposure 
concentra 
tions were 0.75, 0.65, and 0.58 ppm. On 
the fourth day the 31 chicks were challenged, 
the 
The 10-day mortalities were 10/31 


together with 29 controls from same 


hatch. 
for the preexposed and 4/29 for the con 
trols. The observed increase in susceptibil 
ity, though not quite significant, obviously 


contraindicates the development of toler 


ance in this as in our preceding: experi 
ments. 
Comment 
The initial evidence obtained this 


study, involving exposure of chicks to low 
concentrations of ozone for long periods 
of time, suggested that this animal was 
more susceptible to the effects of ozone than 
other laboratory animals. Since it has been 


shown that 79.4% of rats will survive 10 
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YOUNG 


days of exposure in concentrations of 2.4 
ppm ot that the chick 
is More susceptible to continuous ozone ex 


ozone,* it appears 
posure. Nevertheless, when short exposures 
of the chicks to higher concentrations were 
out, the D.so 
D.se (concentration 


carried values and 
time yielding 
50 mortality) values were in the range 
of 


those obtained 


on other animals. 
show C. T. L. D.so values of Y 
whereas the data of Mittler, Hedrick, King 
and VNOT recalculated 


rats 39.3; for guinea pigs 93.3; for rabbits 


results 


w 


when show 


D.so values for mice of 


65.1, and cats 62.4. Diggle and Gage * 
mate the L. 


esti 
D.s6 as 10-12 ppm for four 
VI 


hours’ exposure (C. T. 1. D.sg = 40-48 ppm 
hours 
Stokinger | has shown that the rat de 


velops tolerance from a single exposure to 


ozone; and 


Mittler, King, and) Burkardt 


suggest this as a possible explanation ot 
data derived from their experiments where 
the lungs of rats, after increasing intervals 
ot exposure to low concentrations of ozone, 
showed decreasing 

Matzen 


mice, tolerance to ozone plus a diminution 


pathological effect. 


Furthermore, demonstrated, in 
in the edema of the lungs in) preexposed 
animals over that of the controls. 

While no evidence of tolerance Is to be 
found in our chick experiments, occasional 
chicks did survive exposure to 1 to 4+ ppm 
of ozone for 10 days or longer. It is 
ceivable that 


con 
a small number of chicks are 
capable of developing tolerance, though our 
experiments cannot. distinguish this from 
the possibility that a small proportion are 
much more resistant to O, than the average. 
Since most of our attempts to demonstrate 
tolerance were in young chicks, it is possible 
that age is important. 
from Table 2 do indicate age 
lethal effect. In any event, 
the differences observed between the chicks 


However, the data 
not any 
difference in 
in our experiments, and other investigators’ 
results with other laboratory animals may 
prove fruitful. Comparisons of chicks and 


other types of animals, where tolerance can 


Ouilligan et al 


CHT 


AS 


give data that could 
the 
volved in the development of tolerance 


be demonstrated, may 


help explain some of mechanisms in 


Conclusions 


Chicks hatching in an incubator contaim 
ing 1 to 4 ppm of ozone will show between 
506 and 99 mortality after five days of 


continuous exposure. 
The value 
L.. D.se chicks 


ppm-hours when chicks were exposed in in 


concentration-time for ar 


exposure — for was 53.5 
dividual compartments of perforated alum 


inuml cages, 

Survival following acute exposure to ozone 
decreases exponentially with time. 

No evidence of tolerance on TEEXPOsure 
of chicks to ozone could be demonstrated 


1200 N. State St 
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A Particle-Sizing Method for Aerosols and Fine 


Powders 


ROBERT L. DIMMICK, Ph.D.; MELVIN T. HATCH, B.S., and JAMES NG, B.S., Berkeley, Calif. 


Ixperiments in air hygiene '* frequently 


require the size assessment of each aerosol 


pre and 


especially sO when the 


particles are hygroscopic and may be subject 
to change when sampled by conventional 


methods.4 A technique has been developed 


to estimate the particle size distribution of 
the aerosol without disturbing its character 


istics and should be applicable to 


any 
chamber wherein aerosols undergo stirred 


settling. This technique, termed the light 


scatter decay (LSD) method, involves a 


simplitied analysis of the change in light 
intensity of a Tyndall beam as an aerosol 


settles under turbulent conditions. 


Methods and Materials 


A test chamber was constructed of sheet 
metal in the shape of a 1m. cube (Fig. 1) 


and insulated with a= 1-in. layer of com 


pressed fiberglass. The entire front panel 


was removable and was held in’ place by 


suitcase latches which pressed the panel 


against a rubber gasket. This panel con 


tained a glove port, a small door, and a 


sampling port positioned as nearly vertical 


as the wall thickness would permit. A 
Serdex * laboratory standard hygroameter 
and a thermometer were inserted in one of 
the side walls. 4-in. fan blade was 
Submitted for publication Oct. 28, 1957 
From the Naval Biological Laboratory, School 
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Fig. 1—Schematiec arrangement of cloud chamber 
mounted 8 in, from the bottom center of the 
box, with the motor situated outside to pre 
vent the accumulation of oi] vapors. Ports 
for the air-circulation system, consisting of 
filters and parallel pumps, and for com 
pressed air and vacuum, were provided, The 
entire inner surface of the box was painted 
dull black. 

The cloud monitor consisted of a Tyndall 
beam and a photomultiplier to register the 
amount of light scattered at right angles to 
the beam. Similar apparatus for measuring 
Tyndall seattering have been deseribed."* 
\ Westinghouse auto lamp No. 1493 was 
operated at 6 volts either by an auto battery 
in parallel with a trickle charger, or by a 
No. 


30882. The beam was focused through a 2 


Sola constant voltage transformer 
in. f/2 lens to a point about 4 in. inside the 
A 931A photo- 
multiplier was mounted directly above the 


beam. A 


the scattered light on the photocell element. 


box and 4 in. below the top. 


focus of the small lens focused 


With this arrangement the light beam was 


sufficiently dissipated on the opposite walls 


= 


A 


NOMOGRAPH RELATING DENSITY AND HALF-LIFE 
PARTICLE SIZE IN AEROSOLS UNDERGOING STIRRED SETTLING 


TO 


MALF-LIFE(L 
IN MINUTES 


OENSITY 


(OlamETER) 
PARTICLE SIZE 
im MICRONS 


Fig Sizing nomograph for a chamber height 
ot 100 cm. A straightedge set to the half-life 
on the left and to the density on the right, and the 
particle size is read front the center scale 


is 


of the chamber so that no special light trap 


was needed. 


All electronic equipment, including the 


low-voltage transformer, was powered 
through a Sola constant voltage transformer 
No, 20-13-210 to provide stable line voltage. 

The photocell was activated with a con 
ventional 900-volt stabilized power supply, 
and the output current was measured as the 
voltage drop across a 44-megohm resistor 
by a vacuum tube voltmeter circuit: feeding 
The 


circuit provided a high and low range hay 


an Ksterline Angus 0-1 ma. recorder. 


ing a 10-fold difference in sensitivity. 

In practice the instruments were allowed 
an initial warm-up period of about one and 
a half hours before the aerosol was dis 
+ Tests have shown that a concave microscope 


- be 


past the focal point and in a position such 


mirror 
4 in. 
that the light is reflected back to the source through 


may mounted in the light path about 


the same focal point. A two- to threefold increase 


in sensitivity may be achieved in this manner 


24 
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With 


both ranges Were set to zero on the meter 


persed, no aerosol ino the chamber 
scale; then the aerosol was dispersed with 


the meter set to the least sensitive range. 
If the aerosol initially registered less than 
10 of full scale, or when the aerosol had 
decayed to that value, the range setting was 
The 
considered equivalent to 100 of the light 
the at 


were calculated value and 


changed. initial meter reading was 


scatter area, and percentages later 


times from. this 


plotted on semilog paper. A typical curve 
is shown in Figure 3. The linearity of the 


over-all response was checked) with a 


standard light source. 

The powders employed to standardize the 
method were carbonyl iron SE.§ powdered 
latex, 


dried polystyrene 


glass beads, 
+ trom 


Witcarb 

*Medthaler.” 
representative of different size ranges and 
Witearb, 
of 


and ise ypre terenol a 


They were selected as being 
densities and, for 


except were 


nonhygroscopic. Manipulation these 
powders was conducted in a dry box at near 
zero relative humidity. 

Powdered aerosols were dispersed either 
by the compressed gas pistol of Gordievett 
or the Stanford quadrijet of Perkins et al.* 
except for minor modifications, the meth 
ods were employed as described by these 
In one instance latex was atomized 


Wells-type 


authors. 


from liquid suspension by a 


atomizer. 

Samples for Microscopic sizing were col 
lected by a cascade impactor at a sampling 
rate of IS liters per minute and sampling 
of 10 to 120 Slides 


from all stages were included in the count 


times from seconds. 


EK and-E 
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PARTICLI 


SIZING 


METHOD 


AEROSOLS 


LIGHT SCATTER 


RELATIVE 


CENT 


PER 


IN MINUTES 


IND POWDERS 


Fig [llustrative 
light-scatter decay curve 
howing method of ob 
taining slopes and particle 
SIZES Assumed densit 


Ing and sizing. lor this purpose photo 


T1116 rographs were taken of representative 


fields, selected near the center of the impac 
tion pattern on the slide, and projected on 
a screen where the size was judged by 
comparison with a stage micrometer photo 
graph obtained with the same optical Svs 


tem, 


Calculation of the Particle Size from the 
Light-Scatter Decay (LSD) Curves 


The settling rate of a monodisperse 
terosol in a closed chamber under turbulent 
conditions «(stirred settling) is an exponen 
tial function of the concentration ® detined 


Vas 


where 
the concentration at time tn 
minutes ) 
\ is the concentration at time zero 
Stokes’ velocity Jot tall 
min 
given particle size and density 
ind 


H7 is the ettective height of the chamber 
The log of the concentration plotted against 
time results in a straight line, and the same 
slope is obtained whether N is in terms of 
number, geometric area, or volume (mass) 
The slopes are conveniently defined in terms 
of the half-life (1%), a procedure we pre 
fer because it can be transformed to the 
linear equation: 0.692="°" Stokes’ 
law V where p is the specific 


Dimmeck et 


gravity. (densitvi and or the particle 


radius lor convenience we have con 
structed the nomograph which relates pat 
ticle size and density to half-life for a 
chamber height of 100 em. (Fig. 2). This 
nomograph may be used for other chamber 
heights by multiplying the determined halt 
life by 100/chamber height (cm.) before 
the particle size 1s determined. 

The fall-out of 


vdisperse aerosols, 


however, is more complex.*' rigid 
mathematical analysis of such curves 1s 
time-consuming and presents a formidable 


skilled 


\oreover, to solve these equa 


barrier to investigators not highly 
in caleulus. 
tions a size distribution must be assumed 
reasonable estimate ma be obtained, 


however, the following manner \s 
shown in Figure 3, the light scatter decay 


A “final” 


determined by the 


curve is plotted on semilog paper 
] 


exponential slope ts 
straight portion of the curve which occurs 
during the latter course of the aerosol when 
most of the larger particles have fallen out 

Values this slope, at about five 
minute intervals, are then subtracted arith 
metically from equivalent values the 
over-all decay curve, and the result is plotted 
on the same scale to yield a second curved 
line representative of the aerosol less the 
smallest) particles. This second curve ts 


treated as the first; a final slope is deter 


} 
om 
} 
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Calculation 
Standard Deviation 


De Data Shown 


Vedian, Mean 
Light-S catte» 
Figure 2 


and 


cay 


Per Cent Weighted 
Light Mass 
Scatter Value 
A SxXA 


Muss 
Per 
Cent 
M 


Cumu 
lative 
Per 
Cent 


300.0 
H21.6 


Potal 


Mass median diameter (MMD) 8.8, (By plotting cumulative 
per cent versus particle diameter and ascertaining the 50 percen 
tile size 

Mass mean diameter 
vided by 100 

Standard deviation 3.95 (4 measure of size range 


subtracted 
vield a third, Cr. 


MM’D) ILS7u (sum of the SXM di 


1187.95 


15675 


100 


the second to 


The result is a series ot 


mined from 
exponential slopes, each representative of 

of the total decay 
curve, and each having a point at zero time 


an arbitrary fraction 
representative of the amount of the light 
scatter area contributed by that fraction. 
The particle size of each fraction can be 
determined from the half-life by use of the 
nomograph. 

The light-scatter area contributed by each 
fraction at zero time is (approximately) a 
function of the of 
whereas the mass is a function of the cube 
of 


square the diameter,!! 


the diameter. Multiplying the per cent 
of the light scatter area of each fraction by 
Its respective size vields the relative mass 
value of that fraction. These weighted mass 
values are then totaled, the mass per cent 
calculated, and the cumulative mass per cent 
plotted on probability paper 7 to obtain the 
(MMD). Table 1 
shows sample calculations including those 
the mean 
diameter (MM/’D) and the standard devia- 
of the The latter 
is employed as a measure of the spread of 


mass median diameter 


involved estimating mass 


tion individual aerosol. 


particle sizes within the aerosol. 


+ Either linear or logarithmic probability paper 


was used, depending upon which type indicated the 


more symetrical distribution. Since usually only 


three points were available the true distribution 
ould not be established. The mass median diam 
eter was established from the 50 percentile of 

the directly 


below the 50 percentile 


line drawn between 


and 


straight points 


above 


ty 
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Results 


Glass beads (density 2.2 and ranging in 
size from ] lo were repeatedly dis 
rsed two identical chambers by 


COs pistol 


the 
to obtain a series of figures from 
all 


be 


which the over reproducibility of the 


method could calculated Phy sical 


factors, such as fan speed, relative humidity, 
temperature, gas charge in the gun chamber, 


and amounts of powder dispersed, were 


kept as uniform as possible, 


Table 2 lists the results from this series 


of the 95¢¢ contidence 


limits of the various attributes were plus 


tests. In general 


or minus 10 of the mean. There was no 


significant difference in the mean particle 


size of aerosols in the two chambers but 
daily variations between means were 


evident. The confidence limits for the dif 
ference between the sizes within daily runs 
3% for 


yielded values of plus or minus 


both the mean and the median diameters. 
The ability to produce “identical aerosols,” 
therefore, varied more than the ability to 
measure the aerosol, 

The accuracy of the method was tested 
the 


powder before aerosolization and another 


by counting and sizing a sample of 


obtained from a cascade impactor during 
the first Only 


particles 14y in diameter and less were in 


few seconds of cloud time. 


Tasre 2.—Mean Values of the Attributes 
cols of Glass Beads with the 


Confidence Intervals 


95% 
Confidence 
Interval 


Per Cent 
Mean Variation 


Value 
Small size range 


Mass per cent 
Medium size rangé 
Mass per cent 
Large size range 

Mass per cent 

Mass median diameter 


Mass mean diameter 


Standard deviation 
within aerosol 


* Mass median diameter of the aerosol after 60 minutes cloud 
time as determined by the cascade impactor, 878 particles count- 
ed 

+ By cascade impactor, 816 particles 

t Whole powder, 1029 particles 


§ Determined from differences between daily runs (see text). 
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from 
Size, 
“ 
: 
3.0 1s 6.1 6.1 20.13 
4) 30.6 36.7 229.50 1721.2 
100.1 1187.95  15674.7 
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‘ 
of Forty 
15% 
4 
1.44) 2.404 10.1 
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No. 1313 


= 


eontinuous stirring. 2B, the fan was turned off after 40 minut es and was turned on again at tl 
1 } 


end of about 200) minutes 


12 
(me scALe IN MIN 


Fig. 4 lhe effect of stirring on the decay of atomized lat 


cluded in the calculations since this was the of from 250 to L000 rpm, the MAMD 


upper limit of detection for particles of this Witearb varied from 2.&n to 3.00 and that 


density by the LSD method. The MMB of carbonyl iron from 2.0 to 2.2n-£ There 


values, respectively 8.7 and 8.3, were 34 to) was no correlation between fan speed and 


10 larger than that obtained by the ISD particle size with the exception that in both 


method (7.9), but the distributions. plotted cases a speed of 250 rpm indicated some 
on probit paper, possessed similar slopes What larger particles in the large-size rang 


\fter approxin ately 60 minutes of cloud With the fans mounted to produce a hort 
trune, when the LSD slopes indicated a zontal air stream. the incheated size of the 
mean valuc of cascade Witearb became 6 te and that of the 
samples were obtained ind the particles 27: the most marked ditference Was 1 
were counted and sized. The results showed — the largest particle size Without forced 
that the particles remaining in the chamber turbulence the course of the ae rosol decay 
at this time possessed a MMD of 2.2” and — is difficult to caleulat The effect is show: 
ranged in size from lu to Figure 4. which compares stirred and 

The effect of fan speed and position on unstirred aerosols of polystyrene latex 
the fall-out curves was tested with Witearb Ix aerosols Of polystyrene latex (density 
(density 2.5) and carbonyl iron (density and uniform spheres 1.174 dh 


7.8). With the fans mounted in the posi Average frequency diameter, Kohl and Zent 


tion noted in Figure 1 and with fan speeds ner, 3.0g 


Dimmick et a 


\ \ 
\ 
\ = 2 
80-——_+ 
a 
t 60 -—— 
} 
| | | 
= 
3 
= wr | 
‘ 
| 
4 


4.M 


ameter) were dispersed by an atomizer. The 
fall-out curves were straight lines on semi 
? 


log paper with half-lives of from 160 to 22 
minutes. Sizes calculated by Stokes’ equa 


tion (corrected for Cunningham's constant ) 


averaged 1.175, with a 95% confidence 
interval of =:0.082. Hatch and Izatt," 


using equipment and conditions very similar 
to that reported herein, found the size of 
the latex to be 1.18p. 

Two aerosols of the dried latex were dis 
persed by the quadrijet. The fall-out curves 
in this instance were not straight lines on 
semilog paper, indicating that deagglomera 
tion was not complete. Microscopic ex 
amination of settling slides obtained from 
corroborated this observa 


these "Is 


tion; the individual spheres had aggregated 


to form balls, chains, and irregular ag 
glomerates. The MMD, by the LSD 
method, of these aerosols were 2.3 and 


2.8 with sizes ranging from 14 to 9p. 
As an additional check on reproducibility, 
and to illustrate the utility of the method, 


11 aerosols from several vials of “Medi 
haler-Iso” § improved formulation, were 
examined. The average MMD was 2.60, 
with the 95 confidence interval being 
+0.20u and with size ranges from = 
o &.5u. A size estimate made by a micro 


scopic method by the manufacturer, gave 


the size range as 1.3y 6.30 and the mass 
median diameter as 2.2. 


Comment 

lhe accepted particle size of an aerosol 
or of a fine powder is greatly dependent 
upon the method of measurement, especially 
when the size distribution is widespread and 
the particle shapes are irregular. The LSD 
method yields a size which is in terms of 
the Stokes’ diameter (an aerosol is. stated 
to have behaved as if it were composed of 
spherical particles of a given density and 
having a size distribution centering around 
a certain median diameter). This attribute 
is of great importance in studies of air 
hygiene. 


§ Registered trade mark. 
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There are limitations, however, that 


must be noted. Aerosols of mixtures of 


substances are not subject to analysis by 
this method unless the light-scatter decay of 
the individual fractions can be ascertained. 
lurthermore, the etfect of coagulation, ot 


electrostatic forces, and of impingement, 
either on the walls or by the fan blades, 
impose a limitation on the accuracy of the 
all tend the 


particle size by increasing the apparent fall 


method: to merease apparent 


out rate. Also nonspherical particles, such 
as platelets and needles, do not follow 
Stokes’ law.'™ The effect 1s to cause the 


apparent size to be smaller than the meas 


ured size. Furthermore, there 1s probably 


not a unique mathematical solution to. the 


complex fall-out curves. The one employed 


an approximation; a series of 


fit the 


Is 


eurves are derived which expert 


mental data. 

However, these series are reproducible, 
and, if proper care is taken to employ the 
logarithmic portion of the curve the 
“final” slope. and if subtraction and plotting 
is accurate, there is good agreement between 
of the 


particles. The method should be applicable, 


workers as to the “size” and range 
therefore, to studies of bacterial aerosols in 
which the probable per cent alveolar deposi 


be the 


efficiency of dispersion le Vices, and to 


tion must ascertained, to studies of 


routine monitoring of powdered products 
wherein day-to-day consistency desired 
Although two to three hours are required 
to obtain a settling curve, these are not 


man-hours; the calculations require about 


20) minutes. Thus, the tedious and 


consuming task of counting and sizing 1s 


eliminated, and in many instances a more 


realistic size estimate can be obtained. 

If an- aerosol test tank is already avail 
able, one can ascertain the LSD curve fron 
a Tyndall beam and pick-up mounted in a 


small fan mounted within the 


by pass. A 
by-pass can provide forced ventilation but 
will not provide stirred settling conditions 
in the tank. When large volumes of aerosol 


are not required for other purposes, a 
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smaller unit, for example a 0.5 meter cube, 
may be utilized with some loss in accuracy 
in the large particle size ranges, 

It is probable that for particles less than 
ln in diameter forced turbulence is not 
required, but above this size there must 
eXist an upward air current sufficient to 
distribute the largest particles evenly 
throughout the chamber. This, and the fact 
that the determination of the size of the 
larger particles depends upon multiple sub 
traction, places an upper limit on the size 


which can be considered. 


Summary 


Powders were dispersed as aerosols in 
cubic meter test tanks under the condition 
of stirred settling. A photomultiplier tube, 
monitoring the amount of light scattered at 
night angles by the particles as they passed 
through a Tyndall beam, provided a meas 
ure of the fall-out of the aerosol as it 
decaved with time. A plot of the light 
Scatter decay was divided into exponential 
portions by a slope-analysis method. The 
half-lives of the slopes were related to the 
particle size by a nomograph, and the values 
at zero time were weighted by the respective 


S to 


‘Id an estimate of the mass per 
cent of each size range. By plotting the 
cumulative mass percentages on probability 


paper an estimate of the apparent Stokes 


median diameter and the approximate dis 
tribution was obtained 

Reproducibility. was 10% between daily 
runs but within daily runs 


curacy, compared with microscopic sizing 
methods, was within ly (in the Su range) 
for glass beads and .O&8 (in the ln range) 
or polystyrene latex. 

The method is relatively inexpensive in 
terms of equipment and manpower and 
should be applicable to routine sizing in 
many seientific and industrial laboratories 
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A Large-Volume Electrostatic Air Sampler 


The uncontrolled utilization of the tropo 
sphere as a disposal plant for waste products 
of man’s domestic and industrial activities 


creates public health hazards:'*% This situa 


tion is especially true when low concentra 


tions of highly toxic particles are present in 
a meteorologically stable air mass. Detection 
of these low concentrations for subsequent 
assay requires an air sampler capable of the 
continuous concentration of particles from 
large volumes of air. 

lor continuous monitoring of the -partic 
ulate matter of the atmosphere it is often 
desirable to have a sampler which can sam 
ple the atmosphere continuously and which 
will concentrate the particulate matter from 
large volumes of air into small volumes of 
liquid. 

With such a sampler it is therefore pos 
sible to detect lower concentrations of air 
borne particulate) matter using standard 
analytical methods, For example, it may be 
necessary, under certain circumstances, to 
concentrate on a continuous basis airborne 
bacteria into small volumes of liquid) for 
subsequent bacteriological, physical, or chem 
ical analysis. In the development of instru 


mentation for air-pollution studies, it ts 


likely that applications of this sampler to 
continuous monitoring systems will be 
found. 

This sampler employs the principles of 
electrostatic precipitation as described by 
Hohfeld and Guitard,” Lodge.” and Cot 


trell.* 


Description of the Apparatus 


‘igure 1 is a schematic drawing of the large 
tic dl { the | 


volume air sampler. Its major components are 
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TROUGH 
> 
2.010" TUNGSTEN WIRE i 


‘ ( | 
\ 
> 
OUTLET 
TROUGH SPTED BOTOR 
Fig 1 lectrostatn large Volume ar sampler 


(U.S. Army photograph.) 


tu) a rotating precipitation chamber (labeled 
“Brass Cylinder”) with an independently axially 
suspended high-voltage discharge electrode, (>) an 
air mover (placed at point shown by “Exhaust”, 
and ¢¢) a regulated high-voltage power supply.* 


The rotating precipitation chamber was fabri 


cated from vellow brass. Its over-all dimensions 
are as follows: length, 17 em.: inside diameter, 7 
em.: wall thickness, 0.3 em. As shown in Figure 


a: the chamber 1s rotated by means of a variable 


speed motor and a set of external gears In its 
operating position, the air inlet side of the sampler 


is elevated so that the axis ot 


clined at an angle of 5 degrees to the horizontal 
plane 

The air particles entering the precipitati 
chamber are charged by gaseous or electrons 


produced by applying 20 kv. negative DD Co to a 


0.010 in. tungsten wire strung anxially through the 


chamber The negative corona discharce \ 
forms along the wire serve sa source of uny 
vas 1OnS Under the intluence he electri held 
the migrate to the chamlx walbo opp 
polarity \irborne particles passing throug! 
chamber are charged bv ton bombardment as 
enter the corona discharge pact and are lrawt 
to the chamber wall and precipitate 

The precipitated material is) removed continu 
ously trom the evlinder wall by the washing action 
ofa thin tilm of water. This water film adhere 
to the wall of the rotating chamber, flows dows 
the inclined evlinder as rotates, and is) subse 


quently discharged mto a gutter The liquid 


* Beta high-voltage D. C. power supply, Model 


206, Beta Electric Corporation 333 103d St 


New York 


/ 

: 

BALL BEARING 

at SuPPORT 

4 

| 

: 

| 


e end of a per type pumy 
ed (a) re on of the evlinde t 25-30 r1 
nd (bh) b eans of a liquid-spreading wi 
s located 0.1 ! bove the 1 er W ] el 
© the xis of the evlinder In addition te pre ot 
rau broker water the wire 
reates eddies ny its entire length, thereby pro 
iucing a mild washing action With use of dves 
tracers, the transit time of the liquid throug 
the precipitation chamber was determined to be 


ipproxinately 30> seconds 
The wr sa pler Oper tes under nevatl pressure 
i a Wid negative p sure 


\ Staplex Air Mover 


sampled through the 


draws the 


precipitation char 


flow rate is measured by a Flowrator meter,§ and 
variations in the flow rate are obtained by means 
of a Powerstat || placed in series with the Staplex 


Experimental Procedures 


Phe collection efficiency of the large-vol 
ume electrostatic air sampler was determined 
relative to that of the all-glass impinger. 
In the all-glass impinger* air is drawn 
through an orifice at near-sonie velocity, 
and the particles are collected by impinge 
ment im approximately ml. of liquid. 
With a pressure difference across the orifice 
of one-half an atmosphere or greater, the 
sampling rate is approximately 12.5 liters 
per minute, The relative efficiency of the 


electrostatic large-volume air sampler) was 


calculated from the ratio between the aver 
age concentration of an aerosol as deter 
mined by the large-volume air sampler and 
the concentration determined by simultane 


ously sampling the same aerosol with a 


standard all-glass impinger, 1. ¢ 


Relative Ethciency Percent 


aw 


where ( 


iverage concentration of aerosol as ce 
termined by large-volume air sampler, 


and 


Model 5-8950, 
Silver Spring, Md 
Model TF-1A, 
\ve., Brooklwn 32 
§ Model No. 700, SN 5603A2158B2. Fisher and 


Porter Co., Hatboro, Pa 


American Instrument Cor pany, 


Staplex Company 


Superior tclectric Compar 


perce 
i 
j 
seh ving es 
\ photog ) 
( verage concentration « eros ke 
ermined by the all-glass impinge 


Since it has been determined experiment 
ally that the collection efficiency of the all 
glass impinger is essentially 100 for the 
particle sizes involved in these tests,* the 
relative collection efficiencies reported for 
the large-volume air sampler are, for all 


practical purposes, absolute collection eth 
it 1€s, 

In all tests, a dynamic aerosol of nonviable 
niger 


Bacillus subtilis var spores Was gen 


erated by a Vaponefrin nebulizer © from a 


diluted aqueous slurry. This slurry had 
previously been autoclaved to destroy viable 
spores and then centrifuged to remove the 
heavy sedimentary deposits caused by auto 


claving 

Phe aerosol was introduced into an alum 
inum evlinder (length 52 in., inside diameter 
3 in.) placed in series with the large-volum« 
air sampler (big. 2). By means of a dif 
fuser located in the aluminum cylinder, the 
aerosol was nuxed with filtered clean att 
to produce the dynamic homogeneous aero 
sol required for test purposes 

The particle size distribution of the aero 
sol was determined both mucroscopically and 
by means of an aerosol particle size analy 
zer. This instrument, which is based upon 
the same principle as that described by 
Crucke r,” determines the size of the aerosol 
particles by measuring the amount of light 
scattered by the particles as 


they pass 


through an intense beam of light. The aero 


Darby, P 


Box 24, Upper 


i 
2 
( e leading edge of the precipitation ehamber 
t at flow rates that can be varied from 1 to 5 ml iS: 
| 
} 
\ir Mover 
4 
‘2 
4 
ristol, Con : 


A.M.A 


sol was found to consist primarily of single 
spores of average size 0.74 by 1.4, with 
practically no particles greater than 1.5. or 
less than 0.54. The concentrations employed 
the range 2*10° to 10° 


ticles per liter. 


were In par- 

In assaying the liquid samples obtained 
from the all-glass impinger and the electro 
static large-volume air sampler, it may be 
shown that ( 


where C-average concentration of aerosol, 


n—total number of spores collected in the 
liquid, 

s=sampling rate of air, and 

t—sampling time 

By means of this equation aerosol con 

then be 


both sampling methods, 1. e., 


centrations may calculated from 
employing the 
large-volume air sampler and the all-glass 
impinger, when sampling time, sampling 
rates, and spore concentrations in the vol 
lection fluids are known. 

Spore concentrations were measured with 
an Aminco Light Scattering Photometer.= 
A standard curve relating spore concen 
trations to per cent transmission (using 
right-angle scattering) was prepared from 
known dilutions of an aliquot of the Bacillus 
subtilis var. niger suspension used for aero 
the 


calculated 


solization. Concentrations of collected 


samples were then from the 
standard curve. 

Concentration capabilities of the electro 
static large-volume air sampler were studied 
by varying the liquid and aerosol flow rates 
through the chamber and maintaining all 
other conditions constant. By combining 
these parameters with the collection. effici 
ency of the large-volume air sampler, a 
numerical value (concentration factor) may 
be assigned to the performance of the large- 
volume air sampler, which defines its capa 
bility to concentrate particles of the size ot 
Bacillus subtilis var. niger from large vol 
umes of air into small volumes of liquid 
for a continuous air-and-liquid flow system. 

This concentration factor, 1s defined 
as follows: 

# Model 4-6001: American Instrument Company, 
Silver Spring, Md 


3? 


ARCHIVES OF INDUSTRIAL HEALTH 


where CF=—X 


O=aerosol sampling rate in liters” per 


minute, (1/muin.) 
liquid-flow 


rate in mulliiters per 


minute, (ml/min. ) 
the larg 


particles 


etticlency of collection of 


volume air sampler for 
equivalent in size to Bacillus subtilis 


Val 


lor example, a concentration factor of 


100 means that this sampler concentrates 
particulates from 100 liters of air into one 
ml. of liquid with a collection efficiency of 
1007, or SOG 


from 200 liters of air with 


collection efficiency, 


Results 


Test data from 75 experiments are sum 
Table. In 


aerosol was sampled simultaneously, using 


marized in the these tests the 


the all-glass impinger and the large-volume 
electrostatic precipitator for 5- and 10-min 
ute periods, Twenty five tests Were con 


ducted at an air flow rate of 700 liters 
per minute; 25 tests at 500 liters per minute, 
and 25 tests at 250 liters per minute, Liquid 
from 1-4 


A negative potential of 20 kv. was 


flow rates were varied ml, per 
minute. 
employed, and the current flowing through 
the precipitator was limited to 400” amp. 
The air flow rate through the all-glass im 
pinger was fixed at 12.5 liters per minute 
by means Of a critical orifice. 
the data in the Table it 
concluded that 

1. Colle 


flow rate 


rom be 


tion efficiency 


When 


nute, 


independent ‘ 
operation was at 250 ar 


liters) per variations in liquid flow 


produced anges in collection efficiency 


cl 


as the evlinder wall was covered with a 
liquid 
2. Within the 


collection 


limits of the experimental data 


Vv is approximately inversely pro 
portional to air flow rates At rates of 700, 500, and 
200 liters per minute the 


51 


that the 


average collection eft 
and 91% 


standard 


ciencies were 39%, respectively It 


will be noted deviations at 


respective air flow rates were of comparable value 


With regard to concentration factor, it 
may be noted that 

100 have 
been obtained at 250, 500, and 700 liters per minute 


1. Concentration factors greater than 


1S 
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LARGE-VOLUME ELECTROSTATIC. AIR SAMPLER 


Relative Collection Efficiency and Concentration Factor 


Chamber 


Air Flow Rate Liquid Flow Rate Average Collection Standard 
L/ Min MI, Min Efficiency, % Deviation, % 


tandard 
Viation 
7TH 1.0-2.0 22.4) 
TOO 21-40 
MM) 1.0-2.0 Al 

20h 1.0-2.0 
250 2.1-3.0 


20 
6.0 


2. Maximum concentration 
hen flow rates are 1 


regardless of the air flow ra 


* No appreciable chan 1 concentrat 


occurs when t Is mcreas 
liquid flow 


per 


Conclusions and Summary 


\ large-volume air sampler consisting of 
an electrostatic precipitation a We 
collection system for removing 
high-voltage power supply, and an air mover 
is deseribed Relative collection. efficiencies 
of the sampler are calculated in terms of the 
absolute efficiency of 
\ concentration factor is det 

fr air flow rates, liquid 

relative collection efficiency, 

of the ability of the san pler to concentrate 

particles from large volumes r air into 

small volumes of liquid for a continucus 

How system Results of relative eMeciency 

tests and the concentration factors obtained 

demonstrate that at liquid-tlow rates of 1 
per minute and air-tlow rates of 


250 to 700 liters per minute the sampler 


can concentrate the particles of a biologi il 
aerosol from at least 100 liters of air into 
1 ml. of liquid. 

Mr. Clyde alter performed 


quired fe his report. Mr. Eln 


Stern et al 
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The Biological Action of Fiberglas- Plastic Dust 


f the Dust Generated in t) 


Automobile Body Parts from a Commercial Product with a Calcium Carhonat 


Filler 


G. W. H. SCHEPERS, M.D., D.Sc., Ann Arbor, Mich.; T. M. DURKAN, M.E.; A. B. DELAHANT; A. J. REDLIN; 
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Introduction 


The full commercial name of the product 
reported on this paper Is *Tiberglas 
reinforced calcium carbonate tilled poly 
merized polyester resin.” Perhaps the 
abbreviated title might 
prove to be somewhat more acceptable as 
scientific nomenclature, At the onset it 
should, however, be clearly stressed that we 
are not concerned in this study with the in 
dividual effects of either the glass fibers, the 
calcium carbonate, or the polyester resin 
plastic. Representative varieties of the first 
two substances have been independently 
studied! and the toxicity of components 
of the plastics is still under investigation. 
Phe present inqutry was directed the 
biological effects of the pulverized rar mglom 
erate of Fiberglas, plastic, and CaCQs,, in 
the form in which it was encountered in a 


typical industrial operation, 


Materials 


ceived fron the Molded Fiber Glass Body Com 


e plastic dust was used in the study as re 
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Institute of Industrial Health and Department 
of Pathology, University of Michigan (Dr 
Schepers), and Saranac Laboratory (Messrs 
Durkan, Delahant, Redlin, Schmidt, Creedon, 
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This investigation was conducted at the Saranac 
Laboratory and sp by the Owens Corning 
Fiberglas Corporation, the Libbeyv-Owens Ford 
Company, the Pittsburg Plate Glass Company 
(Fiber Division), and the Molded Fiber Glass 
Body Company, and made possible by equipment 
loaned by the ottice of Naval) Research under 
Contract Nonr 1871(00) 


pany of Ashtabula, Ohio. It consisted of particles 


In sawing, sanding, and burnishing molded 


automobile parts 


Phe material represents one of the varieties of 
vlass fiber remtorced plasty The tibers 
which supply the reinforcement for the resins 
were made by the Owens Corning Fiberg! 


Corporation. The process emploved in producing 
the fibers involves two steps First, the glass is 


made in much the same manner as most glass \ 


number of finely pulverized ingredients, includis 
sal lime, and metally oxide ixed in 
appropriate proportions and melted im giant 
furnace. When the melting is completed, the 
components have fused to form a glass, which, of 


course, ts a eomplicated mixture of silicates wi 


no free silica present. Marbles having a diameter 


about ; in. are rolle trot the moltetr wlass 
Datel The second step consists of remelting thie 
glass marbles at a ter perature and ther 
drawing this molten glass into slender thread-like 
tibers From one marble about 97 miles of wlass 
fiber ean be drawn. These filaments are wound 
into packages about 100 in. high, called rovings 


This product ts available tor a diversity of i 
dustrial purposes under the trade name “Fiberglas 


The polyester resin’ which forms the main in 


wrecient of the final product Cabout 400 to 750), 
is one of the thermosetting varieties which undergo 


irreversible chemical polymerization when heated. 
These polvesters are the results of the interaction 
of polybasic organic acids and polvhydride, phthalic 
anhydride, acid, ethylene or propylene 
glycol, and stvrene monomer The unsaturated 
double bonds of the maleic molecule are linked 
with the OH groups in the glycols to form ar 
alkvd, which is then dissolved in stvrene monomer, 
with a ratio of 70% alkyd to 30% styrene. Just 
prior to use about Mo by weight of styrene 
monomer is added. A small amount of retardent 
is simultaneously introduced to prevent the stvrene 
monomer trom immediately copolymerizing 
the alkyd. The resin producer ships this material 
to the molder The -filler (in this case calciun 


‘arbonate) is then added ina ratio of 30% to 60% 


| 

2 
| 
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peroxide ts 


ll referred le 


Animals 


Phe responses 1 Pigs, rats, rab 


and monke Vs were The nien 


phase of tl Hi continumeg 


screen, Whicl 
to be mol led 
a large exhaust fan wl 
ut Simultaneously the operato 
ulsion binder m the direetion of 
manner telt-lhke matte it luring tl lecad } rabbits 
of appropriate thickness and shap re land albine ei: hased fron 
forme The screen is then removed from 
pretorn? ma hine and put wte an oven af a tem 
perature of 3. * Fans m this oven drav 
through the wet Fiberglas preform, 
Tinder and drying up the water 
then as transferred ta a heated mate] 
a hydraulic press. After the preforn 
placed over the bottom . the prep 
poured on it, and the press closes th 
applies pressure for a eure eyele of one 
minutes, more or less in proportion to the 


Dust Exposure 


the mold and inversely with the temperature 


mold, whicl anges between 220 and 260 F. ¢ } u was effected in a room measurini 
a lina asurine 


mold next opened, and the plasti al RX} in il dimensions The dust was 
removed, After cooling, during whic ‘ ad y mea t a hopper and rotating paddle 
tional polymerization may take place, tl ar i it | centration of atmospheric dust 

le aul ‘ sphner ist, 


are then ready for cutting, grinding, san , 4 | iken at weekly intervals by means 


polishing. Though temperatures up to 2 ay } midy nping \pproximately once a 
he generated in the latter process, Qa | electrostatic al ples were added In count 


liberated, as a temperature of rot lust particles, determinations were n 
is required to volatilize the material } particles smaller an 10 and particles 


An early attempt was made to secure the du arg han 10g. The variation in the dust counts 
tor > experiments directly from the hown in | igure | The average counts obtained 
environment while the completed reinforced pi cl 1 ont! } ive heer plotted as a continuous 
parts were being fimished at the production grapl While the mean particle count was 
The ra f setthne of the dust, however, ‘ 338,000,000/1t" of air, individual counts varie 


found to be so rapid that larger quantities of dust from 52,000,000/it* to 792,000,000 with a standard 
were required to maintain the daily dusting pro Via f +124,000,000. The average exposure 


cedure. in the exposure chamber than was possible level « a weight basis, as established bv the 


to secure by the foregoime means. When, ; electrostatic precipitator method, proved to be 4.6 


a few months, danger arose that the stock of mg. per cubic toot of an This concentration of 


originally accumulated for the study woul lust particles agreed quite closely with the 
depleted, it was decided:>to create an t 1 maintained in experiments 
supply artificially. Consequently, seri it] puart hicl knawledge ot 


plastic were pertodically abraded by means of the 


hepers et al 


by wetreht, and the whole mixture is) stirred for same tvpe oot sandime dis size wit 
bout 30 minutes. The tiller added to reduce atl nu hesive) which was emplove 
3 ppearance, to reduce shrinkage, and to» increase dust thus generated was collected by means of = 
water resistance. Next about 0.65 by weight of small vacuu cleaner nd forwarded to the 
as the catalyst, it is not a plivs identical wait the material riginall 
true catalyst im that it combines chet lly wait! collecte the pliant 
thre pol ester so that no free benzovl peron ice Is 
tor molding 
fo prepare the tiber) remforcing, rovings of 
liberglas are fed into an automatic cutter ta torm 
chopped strands Che cutter is located over a reported separately, : 
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CUMULATIVE DUST EXPOSURE 


DUST COUNT 
average 338 mpp cu ft 


MONTHLY AVERAGES 


MPP. CuFt OF AIR 


EXPOSURE , MONTHS 


Fig. 1—Dust counts during 


exposure to the dust. The latter curve 


To explain the significance of the normal 


exposure studies compared with the 


as 
references 
2. The 
of seven guinea pigs representing the latter 
experiment was kept in Cage No. 1, which 


heavy concentration — studies, 


should be made to Figure group 


remained in a fixed position immediately 
adjacent to the dust hopper. These animals, 
therefore, were exposed to a dust concen 
tration which was 43¢¢ higher than that in 
the peripheral zone where the majority 
of the guinea pigs resided. The range of 
variation of dust eoncentrations these 


two zones was also appreciably different. 


fo insure that the animals remained for 
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Fiberglas-Plastic 
strate the monthly variations in the light field counts of particles and thie 
was 
counts as percentages of the total exposure over the 


inhalation I hie 
cumulative 
the 


experiment graphs demon 
potentia 
obtained by 


expressing monthly 


1! onth riod 


approximately equal periods at various po 
sitions within the dust chamber Cages Nos 
2 to 12 were shifted regularly to a different 
at the times when the dust 


location root, 


was cleaned or the animals were fed 


Mortality Trends 


The results have been summarized in 


Tables 1 and 2. 
plastic dust did not adversely influence the 
death the 


uninfected animals. This contrasts sharply 


It is clear that the inhaled 


rates among three groups of 


with the progressive death trend which 


characterizes exposures to quartz dust 
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8 FT 


ISTIC PUST 
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/ 


(DUST DISSEMINATOR 


VENTILATOR window VENTILATOR] — 


B 


Average 393 mpp cu.ft 


Range 59-930 " 


uimals was unusually high 


zootics amimmals in exposure 


seldom protected to a similar 


TABLE 1 
ust (CaCOs Filled): ( 


Phase of 
Animal, Type Experiment 


Continuous exposure 
Heavy concentration 
(ruinea Pigs Elimination 
Control 


Continuous exposure 
Elimination 
Control 


Continuous exposure 
Rabbits 1 Control 


Vchepers et 


fewer of the exposed anim: 


During the period of study the death rate 


among all three sets of control uninfected 


The fact that 


ils died may 


perhaps be explained on the basis of the re 


isolation. However, during laboratory epi 


chambers are 


degree if the 


Biological Action of Inhaled 
‘Component Studies 


Fiberglas 
Plastic Dust 


/ 


/ 


Average 338mpp cu-ft. 


Range 52-792 " 


\—— | Average 485mppcu ft 
Range 67-1176 


A 


dust is at all 


quartz dust eXperiments 


are disastrous. 


\ 


The low 


the Msequences 


death rates in the 


present series ot animals, therefore, prove 


to be the more significant, 


In the imfection study ( Table 


2) the 


guinea pigs were subjected to an even mort 


strenuous test, 


Fiberglas-Reinf: 
m Three Types 


Duration of Exposure, Months 


Normal Air 


No 


The lethal outcome for the 


rced Po yester Plast 
Uninfected Animals 


of Animals 


Spontaneous 
Deaths, % 


4.4 
0 


x \ \ / \ / / 
\ \ 
\ y, 
4 / A 
3 | 9 | | 
| 
\ j | | 
\ 
@ | | 
| / \ | 
3 / : 
K 
2 Floor plan of dust roor Schematized distribution of animal cages. disseminati 
pparatus, and zones of dust concentration 
2-25 
4-3 12 i 


1.M.A. ARCHIVES ‘OF INDUSTRIAL HEALTH 


ABLE 2.—Mortality Trend among Guinea Pigs Infected with Ry Tuber: 
Exposed by Inhalation to Fiberglas-Reinforced Polyester Plastic Du 
(CacCOs Fill Summary of Component Studies 


quartz-exposed controls is clearly apparent, aVvori result. quite) remarkable, 
The infected animals which inhaled the 9 even some of the classically inert dusts may 


l-iberglas-Plastic dust fared as well as or | enhance the intluence of tuberculosis on the 


slightly better than did the controls. This death rates of experimental animals 


1200 
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BODY WEIGHTS II EXPOSED 
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TIEXPOSED 


LUNG WEIGHTS, GRAMS 


B-LUNG WEIGHTS 


MONTHS 


Fig. 3.—Lung and body weights. Guinea pigs exposed to Fiberglas-Plastic dust. The 
graphs of the dust-exposed guinea pigs have been contrasted with those of 100 unexposed 


normal control animals 
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ICTION OF FIB 


The Influence of Inhaled Particulate 
Fiberglas-Plastic on Uninfected Animals 


The Effect of the Dust on Guinea Pigs 


A-EXPOSED GUINEA PIGS 
B-CONTROL : 100 UNEXPOSED GUINEA PIGS 


MONTHS 


$— Lune weights ot HES EX Pose te uartz dust t raph illustrat 


ites 


| progressive increase in tot. lgs continuously exposes 
lation to quartz dust (5, ! under t ar rage concentration of 7.9 mg. pet 


i 
weights of the | mgs Was minal as 
Weight Chai Ato neo st ve mm this 
elt ¢ the itn growth of thy eulnes ACCCICTALIOND eof the ners aot 
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his tanmitestation of the relat ‘ Wiis attames WV the ene of Is Months 
oft the dlust is graphically ved vith <2 the 
In nil CASES the Xposed guines sure no deviation tro the Mort cou 
pigs even outgrew the matching control be observed at autopsy Thereafter. pig 
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TABLE 3.—The 


Alveolar Spaces 


Sites of Maximal 
Reaction 


Focal Atelectasis 


Emphysema 


Animal, No. 


+ 


Symbols: + slight reaction 


a 


x slight but incor 
Xxx marked but inconstant r 

1 pigs placed close to the dt 
mk s. All other animals were s 


stant 
marke tion; 
* Group of guir 
riod of 25 


oma 


reac 


numbers and in increasing size. During 


the first 18 months these pleural plaques 
remained discrete and were limited to the 
anterior portions of the lungs. Thereafter 
they coalesced and extended onto the late ral 
portions of the lungs, ultimately to form a 
geometric pattern of universal distribution. 
In the animals which were kept in the dust 
longest and under heaviest exposure, many 
of these pleural pigmented foci attained 
$ mm. in diameter, but remained soft. The 
plaques were originally greenish-brown in 
color and later changed to a pale green 
appearance. 

Phe hilar lymph nodes were slightly to 
moderately enlarged, became progressively 
the first 


exposure the majority showed impressive 


firmer, and after year of dust 


and intensifying pigmentation. 
the 


ance could be observed in any of the other 


No deviations from normal appear 
organs of the body in these guinea pigs. 
Histological Studies 


the 


The lesions which 
pigs 


universally dispersed 


developed guinea were not 


initially throughout 
the lungs but tended to be maximally con- 
centrated in the basal lobes (Table 3). 


Two types of tissue reaction were ob 


served. One group of lesions proved to be 


4() 


Granulomatous Focal 


Infiltrations 
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Effect of Inhaled Fiberglas-Reinforced Polyester Plastic 


Exposures were continued for periods up to 25 


Alveolar Walls 


Foeal Accumulations 


Hyperemia 


and of 


after the animals were placed in the 


] 


several months 


The 


emergence of the more permanent and pra 


and the other developed 


regressed, 


later but subsequently also 


gressive changes was delayed. During the 


first four months emphysema occurred in 


the form of dilated alveolar ducts and dis 


tended alveolar sacs) with accompanying 


apical 


n the | 


isolated of semiatelectasis 
zones. When the emphysema recurred dur 
ing the last six months of the experiment, 
it assumed the atrophic vesicular form. 
The granulomatous foci comprised twe 
cellular components, namely, intramural in 
filtration by lymphocytes, plasma cells, and 
macrophages, and intra-alveolar multinucle 


No glass 
of 


ated giant cells and macrophages. 
these 
the end of the ninth month thes 
all 


trachea 


fibers could be discerned any 


foci. 
semigranulomata had 

Although the 
fected, some desquamation of the epithe 
ot be 


accompanying mucosal plasma cell infiltra 


regressed. 


remained  unaf 


hum the bronchi could found with 


tion. No secondary infection followed as 
happens so readily im animals exposed t 


quartz dust. The epithelium had regener 
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BIOLOGICAL 


Dust (CaCOs Filled) on the Lungs of Guinea Pigs: Microscopr 


months: animals were killed at regular intervals 


Alveolar Ducts Bronchioles 


Mucosal Evarination 


do by the end of mine months d 


continued dust exposure. Some hyper 


f the muscularis with peribronchial 


tion and, rare instances, lower 


of adventitial fibrosis occurred atte 


iX months’ exposure. 


hairly generous initial hyperplasia of 
pulmonary lymph follicles was effected 
through local increase of lymphocytes an 


he 


plasia of the hilar lymph nodes attected 


infiltration by macrophages. hyper 


both the medulla and the cortical follicles. 


Some macrophage infiltration into the med 


ullary region with associated slight) simus 


eatarrh appeared later. Iinally the lyn ph 
node cortices atrophied. 

Qf the transient lesions which developed 
after several months of exposure only alve 
olar mural hyperemia and petechiae need 
be discussed. These reactions were slight 
in degree and inconstantly present he 
petechiae emerged during the phase follow 
ing the withdrawal of the cells which had 
initially imfiltrated the alveolar walls. When 
the mural lymphocytes, plasma cells, and 
agranular macrophages vanished, the alve 
olar walls acquired very attenuated 
character, and this possibly 


extravasation of erythrocytes. As no in 


crease in stromal elements occurred in these 


alveolar walls, the capillary plexuses were 


average 


favored the 


ACTION OF FIBERGLAS-PLASTIC DUST 


Hilar Nodes 


Hyperplasia 


filtration 
Sinus Catarrh 


Macrophage 


supported when 


poorly 
Nponents were withdrawn 


the progressive lesions, fe 


mulations of dust-filled 


cells Were the most 
char 


respons [hese 


and constituted the most 


as disperse aly 


phages 
] iv 


eighth = me 


Vula h become led with 


which repre ted the pl 
\ represented the plastu 


not be distin 


ium carbonate component 


Ived and was not retained in the 


group of guinea pigs exposed in 


l1 to the heaviest dust concentra 


pneumoconiotic foct were consid 


arger, even to four. times the 


diameter of the peribronchial 


komophore syneytial cluster seen in guinea 


pigs exposed to the lower dust 


concentra 
tion. The enhanced dust exposure did not, 


however, induce an intensified reaction. in 


the pulmonary tissues other respects 


Indeed, fewer deviations were noted in the 
respiratory alveolar membranes, 


passages, 
blood capillaries, and lymphoid tissue in 
this group than im the animals which did 
much 


not inhale as dust-laden air. Evi 


dently in the more heavily exposed group 


1] 


ba Bronet Lymphoid Tissue 
Lung 
x x x - + +4 + + 
XN XX x x ‘ ++ 4 
about 
omophore unts began 
these 
‘Theo 
lung. 
the 
he pe rs cia 


of ammals the lung responded earlier by 


focal trapping of dust in the grant dust-cell 


clusters, thereby minimizing the impact ot 
the inhaled dust on other component struc 
tures of the lung and decreasing the trans 
dust-tilled 


Phis explanation might 


portation of cells) to remoter 


also suffice 


tissues 


for the observation that in the group of 
inimals exposed to the lower concentration 
of dust. involvement of the alveolar walls 
and of the Iwmphatic system regressed as 
the giant cells began to accumulate within 
the alveolar It is particularly sig 
what little intluence 
dust-tilled cells 


walls. In 


spaces. 


nificant to note the 


presence oft the had oon 


the adjacent alveolar fact, the 
latter apparently remained perfectly healthy. 
No. collagen was deposited in these septa, 
limited 


capillaries and 


formed to a 
The 


remaimed 


and reticulin very 


extent only. mural 


elastic fibers well preserved, 


Whereas the 


were regressive im spite of continued dust 


reactions the bronech: 


exposure, progressive lesions affected the 
bronchioles and alveolar ducts, particularly 
during the second vear. The chief changes 
comprised epithelial desquamation, stenosts, 
and distortion of the ducts and either steno 


dilatation of the bronchioles with 


or 


some adventitial infiltration. Toward the 


end of 21 months of exposure several 


guinea pigs displayed local distortion of 
the bronchioles through the formation of 


evaginations from their walls that in 


cross section the regions thus affected pre 
sented a honeyveombed or adenomatoid ay? 
pearance. Sometimes these lesions were 
seen to lie particularly within those por 
tions of the lung where the pneumoconiotic 
foci were most profusely present. Some of 
the evaginations penetrated between the 
koniophores and exaggerated the complex 
Stenosis of these air 


ity of these lesions. 


however, was not invariably 


cells. 


nor 


passages, 


present opposite such incarcerated 


(on the hand, neither stenosis 


the 
ducts occurred independently 


other 


distortion of bronchioles or alveolar 
of the pneu 


moconi tic fe C1. 
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OF IND 


STRIAL 


than the Lang 


Organs Other 
were no progressive or significant react! 
to the inhaled dust 

of the extrapulmonary organs. 
noteworthy changes were abort 
Kuptrer cell hyperplasia and transient 


olization of hepatic cells; temporary shi 


to moderate pancreatic insular hyperplasia 
tubular cloud 


which 


reversible renal proximal 
swelling and interstitial hyperemia 
deviations from the normal 


cally affected) the suprarenals, 
thyroid were nonspecrhe and inconclusive 


The 


character 


heart was not atfected, and = this 


with the lack of 


volvement in the lung 


In spite of the fact that the 


probably ingested liberal amounts of the 


dust which settled on their food and. thet: 
fur, no reaction eccurred in the alimentars 
tract, 

Elimination Phase Study 


of the animals which were removed fron 


In the lungs 


the dust room after 24 months of exposure 


and allowed te reside normal air, the 


earliest reparative change consisted 
alveolar 
did 
This 


within the first week of residence m norma! 


from. the 


cells 


focal clusters. 


withdrawal 


spree 


dust-laden which not form. part 


of the process begat 
air and was fully established by the end 
of the second week. Ihy then there alse 
Was some reduction in the number of resid 
ual cells which had continued ta infiltrate 
the alveolar walls. 

After two months dissolution of the mul 
tinucleated komophore synevula Into the 
component unicellular elements commenced 
A few of these liberated komiophores found 


Phe ma 


brome hial 


their way into the alveolar walls, 


jority could be traced to the 


passages. Others no doubt contributed t 
the recurring medullary infiltration of the 
lvmph nodes. 

The lower grade of emphysema whiel 
had been noted in the lungs shortly attet 
the animals had been transferred to norma 
air now 


was more. definitely established 


The enhanced vesicular spaces were formed 
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GICAL ACTION OF FIBERGLAS-P1 


the breakdown of alveolar walls without he lna 


hyperintlation. Confluence of the alveolar moditied pHeumoconiotic response 


spaces remained patehy distribution ensued after 25 months of du 


glass fibers « 


In animals killed at the end of. three ure, as 


months in normal air the degree of clearing er\ In the histological pre 


if the over all reaction was quite decisive question arose whether both the | 
1 


but not vet complete. Many of the pneu and - plastic had been retained 


mocomotie still persisted virtually un lu » settle this ser 


hanged. Other synevilal units were almost t Were conducted 


completely broken up adenot atoid which had been killed it bi onthly 


changes were now limited to the bron rotrimonthly interval 


chioles, the alveolar duets having returned analyses the trend of 


o a virtually normal state. Macrophage ft sthea and the accumulation 


nhltration of the Ivmph nodes re 
| 


vyressed once more 
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Fig. 5.—Mineral content of lungs: gravimetric values. Guinea pigs exposed to Fiberglas 
Plastic dust. The limited retention of silica its subsequent slow elimination 
emphasized. In this diagram, for ease of reference, the ordinates have been plotted 
logarithmic scale 
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ig 
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results of 

tion 
| matter im the lungs have been graphically 
: portraved in Figures 5 and 6 
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Fig. 6—-Mineral content of lung: ratios. 
ratio between the gravimetric 


The ordinates 


The 


expressed as percentages 


Although the silica accumulated progres 
sively in the lungs, the rate of increase was 
relatively slow and the highest concentra 
tion of SiQs. attained after 24 months of 
continuous exposure was about 3€@ of that 
which accumulates in the guinea pig lung 


after but a month of exposure to quartz 
dust. The lung ash value of the liberglas 
Plastic dust exposed group doubled during 
the 24-month period. Once more the maxi 
mal value attained (68.5 mg.) was many 
times less than the lung ash values which 
may be found in animals exposed to quartz 
dust, in which levels in excess of 550 mg. 


are readily achieved. The maximal weight 


EXPOSURE 


MONTHS 
Csuinea 
values for the asl 
have 


15 20 25 


dust 
ave been 


pigs exposed to Fiberglas-Plasty 


and silica and the dried lung 


been plotted on a logarithmic scale 


of the dried lung recorded in the biberglas 
Plastic dust group was 1472 mg. In guinea 
pigs exposed to quartz dust dried lung 
weights in excess of 4000 mg. are often 
observed. The limited gravimetric changes 
seen in the Fiberglas-Plastic dust-exposed 
guinea pigs are emphasized when the values 
are expressed as per cent ratios of on 
another. 

When the animals were returned to not 
mal air the rate of elimination of silica was 
relatively siow. 
the SiO. 


During the first 14 days 


content was actually increased 


a little, and no explanation for this phe 


nomenon is at hand. The weight of the 
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dried lung also continued to imerease in 


this group of animals so the 


values showed a. slow. relative reduction 


Phis climination experiment unfortunately 


had to be terminated after three months 


It would have been of interest to discover 


Whether more silea would have been elinu 
nated later 


The Effect of the Dust on Rats 


Gross Observations contrary. te 


experience with other dusts, which usually 


induce more advanced lesions in rats than 


in guinea pigs, the intluence of the imbhaled 


liberglas-Plastic dust on the lung of the 


rat was surprisingly limited and benign. 


The weight of the lung did not merease 
g 


naterially until about the end of the lath 


month of exposure (Fig. 7). This feature 


alone was indicative of the minimal reac 


tion of the pulmonary tissues to the mhaled 


dust 
6r 
A- TEST SERIES (30 RATS) 
B- CONTROL (100 RATS) 
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MONTHS 


Fig. 7 Inhalation exposure Of rats to Fiberglas 
Plastic dust. The graphs demonstrate the terminally 
accelerated increase in the lung weight 
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BIOLOGICAL ACTION OF FIBERGLAS-PLASTIC DUST 


Minute pale dis rete sub jeural Were 


first seen in animals” killed after) nine 


months of exposure to the dust hese 
eventually became quite numerous, but they 
did not increase materially in size. Shght 


phy Was macroscopically detectable 
toward the end of the period in the dust 
\telectasis occurred focally and sporach 
v in some of the rats. In three of th 
amimals killed after 15 months of dust ex 


posure a few small nonspecific abscesse- 


croscopic features Qn mieroscop! 
examination surprisingly little evidence « 
reaction to the dust accumulation could tx 
emonstrated in the lungs. All such lesions 
were transient. This suggests that the « 
pacity of the lung to dispose of the mhaled 
dust improved with the passage of time 


Small subpleural collections of lpophage- 


and focal peribronchial exudation appeared 
from the sixth month onward 

In those animals which survived a veat 
or longer in the dust environment spars 
areas of pseudogranuloma formed. Thess 
lesions were characterized by foeal mura 
macrophage infiltration and the presence in 
among which spindle-shaped and discoid 
the alveolar spaces oO degenerative materia 
crystals occurred 

Isolated lipophages of variable size could 
be discerned in the alveolar spaces. Phe 
walls of the alveoli were slightly to moder 
ately infiltrated with macrophages during 
the first nine months of dust exposure 
Simultaneously there was associated foca 
mural hyperemia. Dust-filled cells accumu 
lated the pulmonary lymphoid follicles 
during the earlier phase of the exposure 
period, and clusters of koniophores were 
found in the cortices of the hilar lympl 
nodes 

The extrapulmonary lesions displayed ne 
reactions of significance. Slight renal hy 
peremia occurred at an intermediate phase 
without associated damage to the paren 
chymal structures of the kidney. Neither 
the spleen, the suprarenal glands, the thy 


roid, the liver, nor the pancreas exhibited 
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Fig. &—Mineral content of lungs gravimetric 
values. Inhalation exposure of rats to Fiberglas 
Plastic dust. Relatively r; yd accumulation of 
silica ash and weights of lungs during the first six 
months of inhalation exposure is demonstr: ited. To 
facilitate comparison between these gravimetric 
values the ordinates have been plotted on a log 
arithmic scale 


any abnormality and there was no inyolve- 
ment of the hepatic lymph node. 

Chemical Determinations. On analyzing 
the lung tissues for their silica content, ash 
content, and weight of the dried- lung, it 
Was rps (Fig. &) that the silica 
accumulated at an appreciable rate during 
the first six wer of dust exposure only. 
This trend was accompanied by a parallel 
rate of increase in the weights of the lung 
ash and of the dried lung. The total values 
obtained were not, however, significant in 
comparison with the corresponding levels 
Which may be achieved rats exposed to 
quartz dust. 

When expressed as ratios of one another 
(Fig. 9) the fact is brought into promi 
nence that the relative accumulation of 
silica in the lung and in the lung ash de 
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creased beyond the sixth month of eXpo 
sure to the liberglas-Plastic dust. This 
trend contrasts sharply with the progres 
sive concentration of silica in’ the lung in 
animals exposed to quartz dust. 


The Effect of the Dust on Rabbits 


Body Weight.-The weight: gains noted 
in these rabbits (Table 4) corresponded 
approximately to the weight gains of rabbits 
never exposed to any dust (Table 4). Thus 
over a period of 24 months the normal 
rabbits increased their weight) by about 
100, whereas the rabbits which were ex 
posed to the liberglas-Plastic dust for the 


full 24-month period gained weight by 
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Fig. %—Mineral content o lungs: ratios. In 
halation exposure of rats to File rglas Plastic dust 
Expressed as a percentage, the silica and the asl 
content of the dried lung increased rapidly during 
the first six months of exposure and thereafter 
tended to decrease. The value for the ash, per 
cent of dried lung, remained at a more unifonn 
level throughout the experiment 
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ait Une 


blood vessels in the lung, and th 
= low of e physema and infiltration 


of alveolar walls was insufficient to cause 
: lead to primary cor pulmonale or influence 


irculation or the 


Llematologiea| values d 


It 


: of the study all) fell within the norma 
range. There was, indeed. very little vari 
Se ation im the hematoerit values, red blood 


cell counts, leukocyte counts, “hemoglobir 
comtent, mean corpuscular volume, Neal 

= the mean corpuscular hemoglobin content 

These normal findings are of interest be 
== cattse Of the marked changes in the blood 

| values which can occur in animals that have 

= been significantly exposed to noxious dusts 

was established by means of a modified 
= spirograph and a specially designed valve.’ 

=: Phe values presented in Table 4 reveal me 
| significant deviation from the range of 
variations for normal rabbits, 
Radiological l-xaminations \t regular 
intervals during the experiment all the 
rabbits were x raved The standard tech 
- 220 Ege nique for the examination of small animals 


was used.® No abnormality could be dis 


covered 


Phe only radiographic differences 


between the preexposure films and— thos 
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92% During the earher phases of 1 +9 
eXpel ent the weight gams were shght 
reta ea, 
BF 
+ Were clete ned aires ‘ 
: using a Water column to measure the pres ie 
220 sure n the nght ventricle and a 
= lett Phe values oObtamed at stages 
~ bits never exposed to anv dust. thoug! 
See tending on the whole to be somewhat low 
(bigs 10 and 11) 
| 
These tindings suggest strongly 
S254 inhaled liberglas- Plastic dust did not dan 
termined for these ring t urs 
Nchepers et a 
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MONTHS 


on the right ventricular 


10.—Cardiae pressures during halation exposure of rabbits to Fiber 


lust To e ipl asize the lack ot 
normal a Nts, | vated pressures recorded 


ompared with those in the 
} 


Non study of a commercial grade ) ubmict amorphous silica dust 


in the graph. .4, submicron amorphous silica du BR, normal air only. ¢ 
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Fig. 11.—Intracardiac pressures during inhalation exposures of rabbits to Fiberglas-Plasti 
to the trend observed in rabbits exposed to submicron amorphous sili 


dust. In contrast 
period of 18 months 


dust, the le ft ventricular pressure decreased shghtly over a 
Vo 18 
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BIOLOGICAL ACTION 


bhits 


24 ths’ 


Thoracic 1 


12 


preexposure RB 


taken immediately prior to death are aserib 
able to the continued growth of the rabbits 
There are no signs of pneumoconiosis, no 
evidence of emphysema, and no significant 
alterations in the configuration of the heart 
Vecrops\ 


died spontaneously, bronchopneumomia was 


i big. 


lindings In the rabbits that 


death and in two cases there 


the cause ot 


Was idental coccidioidomycosis ol the 


liver. No reaction to the inhaled Iiberglas 


Plastic dust was seen until the fourth 


month. Thereafter, subpleural focal pig 


mentation reached a marked stage, 

the majority of the animals there was only 
slight pigmentation. There was no involve 
ment of the lymph nodes by the inhaled 
dust 

Histopathologic Changes 

response of the rabbit pulmonary tissue to 
the inhaled liberglas-Plastic dust contrasts 
with the progressive changes which 
curred in the lungs of the guinea pigs. In 


killed the 10th 


month the only reactions which exceeded 


rabbits which were before 


a slight degree were hyperemia the 
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exposed by inl 


PUST 


alation to Fiberglas Plastic dust 


ot the 
There 


within the 


presence of komiophores 


lymphatic channels within the lung. 
few ma rophages 


Were very 


alveolar spaces, and it was difficult to den 
onstrate dust particles within these cells 
Phe respiratory tract sustained no damage 
\t the end of 24 months of exposure ther: 
Was a minor degree of distention of alve 
olar ducts with corresponding partial col 
lapse of adjacent tlveolar spaces \ 
emphy selma not 
| 


similar minor degree of 


infrequently occurs im aging 


It 1 


UNneEXPoses 


not possible, therefore, t 


this change directly 


inhaled 


rabbits 


iscribe even 


1 


action of the dust 


The Influence of Inhaled 
Fiberglas-Plastic Dust on Guinea Pigs 
Infected with R, Tuberculosis 

| he 


tubercle 


animals were infected with R,k 


bach 


10 days old and which covered the entire 


from a culture which was 


surface of the medium. The growth was 


predominantly thin, with a few small, 


slightly wrinkled, and somewhat thickened 


areas. Infection otf the animals was 


achieved in the standard manner.* 


x 

a 

| > 

: 


\ positive tuberculin reaction was elic 
ted in all of the animals 47 days after the 
date of 


infection. In the majority there 


half 


necrotic 


Was a maximal reaction and = about 


showed a moderately extensive 


Zone. 


Control Study 


None of the animals died spontaneously. 
In those guinea pigs which survived longest 
the body weight increases corresponded 
closely to the normal expectation of growth 
in uninfected guinea pigs. In general there 
was good correlation between the number 
of tubercles which were seen subpleurally 
and those found throughout the lung sub 
stance. 


Healing could be discerned from 


the eighth month onward. In a few in 
stances either caseation or calcification was 
detectable. - The 
bronchial and hepatic portal lymph nodes 


macroscopically tracheo 
enlarged demonstrably during the earlier 
The 


sporadic 


months but their size decreased later. 


spleen underwent transient and 


enlargement. No tubercles were identified 
grossly in these extrapulmonary organs. 


Histological The 


pulmonary lesions were most numerous and 


Lesions individual 
best developed during the first four months 
after infection, and displayed central casea 
tion. All remained discrete. By the end of 
the sixth month considerable spontaneous 
healing had occurred, the individual tuber 
cles having become less prevalent and much 
smaller and the majority having vanished 


I without residual fibrosis or 
the 


caleitied after the first year the deposits 


resolution 


‘alcification. In case of those which 
became fragmented. The subpleural tuber 
cles healed by fibrosis in most instances. 

than the 
killed 


numerous tu 


Involvement of other 


organs 
lungs was insignificant. In animals 


two months 


after infection 
bereles of limited size and dominantly cel 
lular appearance, showing a minimal degree 
of cellular necrosis, but no caseation, were 
found in the hepatic portal lymph nodes. 
Adjacent organs were not involved in the 
there 


tuberculous and 


process, Was no 
perilymphatic reaction. 


30 


IROHI ES OF INDUSTRI EALTI 
In one animal killed 24 months after in 


fection there were moderately advanced 
hvdropic changes in the liver cells. The 
splenic corpuscles remained moderately 
prominent until the end of the 15th month 
but by the end of the 18th month the spleen 
had reverted to normality 


Phe 


ment of the 


features of the involve 


foregoing 


lungs and extrapulmonary 
organs by the tuberculous infection permit 
this 


the 


classification of response among. the 


more vigorous of classical range ot 
reactions to experimental infection of nor 
mal guinea pigs by RyRw tubercle bacilli 


Simultaneous Phase Study 


In a simultaneous phase study 25 guinea 
pigs were infected by inhalation with the 
the control animals 


same culture used in 


They were thereafter immediately placed 
in the dust chamber in which the Fiberglas 


Ani 


regular 


Plastic dust was being disseminated. 
killed 


two months during the first 


mals were for study at 
intervals of 
year and subsequently at) three-month in 
tervals. 

During this experiment only one guinea 
pig died from a cause apparently unrelated 


to the tuberculous infection or to the dust 


exposure. Contrary to expectations, the 


animals did not lose weight 


the 


in spite ot 


additional tuberculosis. Leven animals 
with cavitation continued to gain) weight 


The markedly 


and universally positive, and in the major 


tuberculin reaction was 
ity of the animals the pallid and necrotic 
zones Were more extensive than the 
control series. 

Vecropsy Findings.\n- most of the 
dust-exposed guinea pigs the number of 
pulmonary tubercles was greater than in 
the control group. In sufficient number 
of instances, however, the Opposite state 
12 of 


mals marginally spreading 


the 25 ani 
had 


united to form conglomerate lesions of con 


of attairs prevailed, In 
tubercles 
siderable size. In at least five of these 
animals healed tubercles also were present. 


Only two animals of the test group had 
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developed pleural adhesions. Atelectat 
foci which were observed in three animals 
coincided with some of the spreading tu 
berculous foct. 

The degree of enlargement and increase 
the 


Ivmph nodes did not differ from that seen 


m of tracheobronchial 


in the control series, though this reaction 


was sustained slightly longer im the dust 


exposed group In the case of the hepaty 


portal lymph nodes there was less involve 


ment during the earlier stages, and the 
reaction subsided sooner im the test group 


than in the control series. enlargement ot 


the spleen was less frequently seen im the 
test group than in the controls 
Histopath logic ( hanges Phe main fea 


] 


ture concerns occasional occurrence of rela 


tively large cavities during the first) 15 
months of exposure to the dust. The re 
duced tendency to fibrosis of the tubercles 
and the relative infrequency of caleification 


are indications of the failure of the puln 0 
nary tissues to limit the tuberculous inte 
tion. Many of the exaggerated tube reulous 


reactions healed by typical inte rstitial fibro 


sis. There was a slightly enhanced ten 
dency for cells to accumulate im the alveolat 
septa, and in animals surviving to the 24th 


SEVERITY OF TUBERCULOUS REACTION 


month this mural infiltration became 


asst 
ciated with a slight measure of atrophy 
vestculat emphysema 

In the majority of the animals the « 


velopment of the dust reaction was retardes 


and reduced In 


an occasional animal 


of the pneumoconiotic focr were somew hat 
larger than in’ the control noninfecte: 


group, but no fibrosis or additional chang: 
rvened 


Not 


only were tubercles less 1 


requentls 
seen 


but they underwent earher fibrosis an 


than occurred the 


\fter 


sure these tubercles were rare lv seen 


resolution contre 


series the first vear of dust expo 


mA 


ever, the involvement of 


by koniophores was less pronounced that 
the animals 


| Xposure ot the infected animals to 


bran 


net infected with tuberch 


th 


t 
‘ 


virtually confined) the tuberculosis 


the pulmonary tssues 


ot 


plasma cells and lymphoeytes surround 


ing giant cells were found im the | 
these presumably represented abortive tu 


lhe 


fection and dust exposure also reduced the 


bercles. simultaneous presence Of in 


slight changes brought about in the extra 


ane 


in the tracheobronchial lymph nodes 


the Ivmph nodes 


eceastonal clumps 


INFECTION 2 4 6 8 10 \2 14 16 18 20 22 24 
MONTHS 
Fig. 13.—Influence of inhaled dust on experiment Rk, pulmonary tuberculosis 
in guinea pigs: simultaneous phase I, quart ust plus Ry tuberculosis. B, Fiberglas-Plast 
R, tuberculosis. cont R, tuberculosis only 
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a 
INFECTION 2 


Fig. 14 


OMLOSIS In 


Influence of 
guinea pigs 


experimentally 


simultaneous 
1 


B, quartz dust only. ( 


OSIS 


pulmonaty organs as a result of dust ex 
posure per se. 

These reciprocal actions of the inhaled 
biberglas-Plastic dust’ and the tuberculous 
nfection on each other have been graphi 
ally summarized in Figures 13 and 14 and 
ontrasted with comparable effects in 
fected guinea pigs exposed to quartz dust. 
quartz-dust-exposed infected animals 
lied from progressive caseating tuberculo 
with the 


silicosis. comparison course 


of events in Ry, tubercle bacillus infected 


guinea pigs exposed to the 


degree of 


quartz dust, 
the 


liberglas- Plastic 


stimulation of tuberculous 


reaction in the dust 
exposed animals was of moderate severity 
and self-terminating. However, the inex 
plicably erratic manner in which the tuber 
culous infection was accentuated should be 


stressed, 
The influence of the simultaneous tuber 
the 


redaction contrasts markedly with the fore 


culous infection on pneumoconiotic 


going trends. The concomitant presence of 
the tuberculous process in animals exposed 
dust 


to quartz markedly aggravated the 


pneumoconiotic component of the tubercu- 


induced KR 


progression of the pneumoconiotic lesions in guinea pigs. 1 
Fiberglas-Plastic dust only 


MONTHS 


pulmonary tuberculosis pneume 
illustrate the relative 
quartz dust plus R 
J), Fiberglas-Plastic dust plus R 


The grapl s rates wl 


} | 
tuberculosis 


tubercu 


lostheotic reaction. In the case of the 
liberglas-Plastic dust exposure the reverse 
applied. The tuberculous infection actually 
reduced the prevalen e and seve rity of the 
This) lim 


the pneumoconiotic reaction under the in 
the 


dust provoked lesions, of 


fluence of tuberculous infection coun 


terbalanced the mode rately harmful etfeet 
of the inhaled Fiberglas-Plastic dust on the 
tuberculous reaction. 


Reactivation Phase Study 


he 


formed in three phases. In 


reactivation experiment was per 


the first, 10 


guinea pigs were placed in the biberglas 
Plastic dust environment two months aftet 
the date of their infection with Ry, tubercle 
bacilli: 


of eight 


the second phase involved the use 


guinea pigs exposed to the dust 
four months after infection, and in_ the 
third part of the experiment the interval 
between the infection of the eight guinea 
pigs and their introduction to the dust room 
was six months. The control study with 
quartz dust was conducted in an identical 


manner. 
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The quartz dust reactivated the tubercu 
losis No. details 
this 
except to affirm that the disease was mark 


edly reactivated with all the guinea pigs 


~ 


in the standard manner.” 


need therefore be given. in account 


eventually succumbing to the infections. 

The 
subsequently 
dust 


infected guinea pigs which 


exposed to the 


were 
| iberglas 
Plastic gained weight in the normal 
fashion, indicating that the enhanced in 
fective process did not have a significant 
toxic component. 

In the group of animals in which dust 
exposure began soonest after infection had 
been introduced, more spreading tubercles 
were detected than in the groups exposed 
later 


to the dust. Such tubercles tended to 


be more necrotic and to persist longe r than 


N71 


did those 


exposure 


which 


formed when the dust 


was deferred longest 


tubercles underwent complete resolution, 


while fibrosis and caletfieation 


were r¢ 
tarded in all three phases as compared with 
the controls. Involvement of extrapulmo 


nary organs Was msignificant 

The delay in exposure to the dust aftet 
infection also retarded the pneumoconiotic 
This trend 


which were 


reaction Was strongest in the 


ann als 


placed In the dust 


soonest after infection. those guinea 
pigs placed in the dust after six months 
the infection had the least effect on the 


of the 


COoOurse 


dust reaction 


Phe transient minimal reactivation of the 


tuberculous infection and retardation 


of the pneumoconiotic process ha 


been 


A 


25 ————- REACTIVATION AFTER 2 MONTHS 
Coy 
% 
INFECTION DUST EXPOSURE STARTED 


25 


B 


_REACTIVATION AFTER 4 MONTHS 
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INFECTION 4<—— DUST EXPOSURE STARTED 
Cc 
= REACTIVATION AFTER 6 MONTHS 
25 
% 
/ 
INFECTION 2 4 6 8 io 12 4 16 ig 20 22 24 


Fig. 15. 


monary tuberculosis: reaetivation phase 


et al 


chepers 


MONTHS 


—— DUST EXPOSURE STARTED 


Influence of inhaled Fiberglas-Plastic dust on experimentally induced R, pul 


The graphs illustrate the extent to which subsequent 
exposure to dust prolonged and transiently stimulated the tuberculous infection 
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INFECTION 


Fig. 16.—The 


pneumoconiosis 


effect of experimentally 
provoked in) guinea’ pigs 
reactivation phase. Al, Fiberglas-Plastic 
infection. ( exposure 


dust started 


tour 


nths after 


summarized in and 


15 lo. Al 


though the first study was terminated be 


ligures 


fore the tuberculosis had been completely 


checked, the indications of reactions were 
sufficiently certain to warrant the inference 
that after a lapse of a sufficiently long 
infective 


died 


pened in the case of the guinea pigs which 


period the process would even 


tually have out completely as hap 


were placed in the dust four months after 
the infection had been introduced. 


The 


response is directly contrary to the course 


suppression of the pneumoconiotic 
of events in the infected guinea pigs ex 
all of the latter 
animals the silicotic process was markedly 


posed to quartz dust. In 


and progressively enhanced, 
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MONTHS 


induced 
by 


dust only. B 


months after infection 


tuberculosis im 


inhaled 


pulmonary 
subsequently 


limiting 
Fiberglas- Plastic 
dust exposure started two months 


dust exposure starte 


Comment 
The most important fact elicited by 


experimental inquiry into the 


biologic 


action Of  imbhaled dust 
No deaths 
among the 144 test animals of three spectes 
be to the dust. No 
influence maturation 
No disability resulted 


in those animals which pulmonary 


liberglas- Plastic 


concerns its negligible toxicity. 


could ascribed 


clable on normal 


could) be discerned. 


sions were produced. Since the progression 


of lesions beeame arrested and. the tissue 


reaction some respects even decreased 


during continuous exposure, evident 
that a measure of tolerance developed im 
instances. 


most No complications ensued 


50 
25 
25 
A 
\ = — —_—C 
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is the inhaled Fiberglas-Plastic 


wt behaved like an inert substance. ‘This 


most portentous finding, as it so 
frequently assumed that all siliceous dusts 
necessarily must be injurious when inhaled 

The similarities in fibrous character be 
tween asbestos dust and the glass compo 
nent necessitated a very careful maquiry 
the possible harmful effects of the 
iberglas. The tissue responses were 


entirely dissimilar, except that both 


substances caused minimal sporadic evagi 


nations of proliferating bronchiolar epithe 
lium in guinea pigs. No metaplasia 
occurred in these adenomatoid lesions. 
previous experiments conducted with glass 
wool similar mucosal pouches were pro 
luced after prolonged exposure? 

In the pneumoconioses the main causes 
of disability or death are pulmonary fibro 
sis, emphysema bronchitis, vascular 
«clusion with cor pulmonale, and second 
ary infection, mainly tuberculous. The in 
haled biberglas Plastic dust provoked no 
serious lesions of the foregoing categories 
bitbrosis was conspicuous by its absence, 
and reticulin formed to a negligible degree 
only. The elastic elements of the lung were 
not disturbed. Though dust-filled cells ac 
umulated perivascular) lymphoid si 
nuses, no obstructive lesions resulted, and 
n rabbits the intracardiac pressures were 
not elevated. The emphysema which en 
sued either was transient or terminal and, 
n all cases, of limited extent. 

Whether more serious lesions would have 
le veloped after more prolonged exposures 
remains a matter for conjecture. It should 
he emphasized, however, that during in 
halation experiments demonstrably harm 
ful dusts usually begin to achieve most of 
their unfavorable effects at relatively early 
stages 

The results of the chemical analyses in 
licated that the lack of tissue response in 
the experimental animals was not due to 
failure to retain the inhaled Fiberglas 
Hlastic particles, but reflected the intrinsic 


relative inertness of this foreign substance 


hepers et a 


mu On of siltea the «a OW 
evels only Phe slow e oof reduction 
the concentration ot retained silica attet 
dust exposure was discontinued suggests 
that ery. litth of the t1 ipped dust: was 
dissolved, elimination beimg effected n 
through expulsion of degenerating komo 
phores via the respiratory passages ind 


lymphatic channels. Ino inhalation expert 
ments with soluble or submicron. siliceous 
dusts, elimination of retained particles gen 
erally takes place rapidly during the first 
two weeks after cessation of dust eXposure 

The differential responses of the three 
species of experimental animals are prob 
ably more characteristic of the biological 
peculiarities of these animals than indica 
tive of an innate multiphasic pathogen 
capacity of the | iberglas Plastic dust. The 
different types of lesions provoked im_ the 
three species can be explained on the basis 
of the relative mobility of the dust-filled 
macrophages and the sites at which they 
become arrested. In the guinea pig the 
syvnevtial komiophores formed within the 
alveolar spaces. In the rat the dust-filled 
macrophages traversed the pulmonary lym 
phatics and reached the hilar Ivmph nodes 
Phe rabbit alveolar walls resisted the pene 
tration of the majority of the phagocytes 
which were evacuated yia_ the respiratory 
passages as fast as they formed 

Phe question may be raised whether 
minimal lesions of the kind described for. 
these three types of laboratory animals 
may be classified as “inert.” [f the defini 
tion of an inert dust is that it evokes no 
response whatever in the lung, Fiberglas 
Plastic dust does not belong in such a 
category. It is to be questioned, however, 
whether there actually are any dusts which, 
in this strict sense, and if inhaled for sufh 


ciently long periods, are wholly inert. 


Hematite—to cite classical example of 
widely recogmized “imert’ dust—not only 
evokes focal lesions similar to those in 
duced by the Fiberglas-Vlastic dust, but 


also causes diffuse vesicular emphvwsema 
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ii 
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‘ 
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A 


which may produce disability. In experi 
ments with hematite delayed focal pulmo 
nary fibrosis and associated liver damage 
the 


Fiberglas-Plastic dust proved to be more 


were observed.'® these respects 


inert than hematite dust. 

The perceptibly enhanced effect of a high 
concentration of the Fiberglas-Plastic dust 
suggests that still higher inhalation doses 


le 


It should be emphasized, however, 


may provoke even larger pulmonary 
sions. 
that the intensified dust exposure exerted a 
quantitative influence only and did not sig 
nificantly modify the basic character of the 
lesions. A permissible corollary to this may 
be that appreciably lower dust exposures 
would cause smaller or retarded focal re- 
threshold 
be 
perceptible. The average dust count in our 
experiment was 338,000,000 mppft* of air 
This 
intentionally high dust concentration. 


actions. There ‘may even be a 


below which no tissue responses will 


(particles less than Was an 


The 
currently acceptable upper limit of dusti 


ness for mere nuisance dusts is 50,000,000 


If 
molded 


alr. dust in factories 
the 


machined are kept 


of 
which 


ft 3 
in 


counts 
liberglas-Plastic is 
50,000,000 ft 
of air injury to human lungs may be ob 
viated. the 


In our studies with 
that 50,000,000/ft * 
slightly less than 1 mg. per cubic foot 


dust we 


found ot air is 


as 
determined by the electrostatic precipitator. 
lor purposes of plant control it may be 
more convenient to employ this gravimetric 
standard instead of the 


more . laborious 


serial dust counts. 


Activation of the tuberculous 


infection 
attained a moderate grade of severity. In 
mitigation of this observation it should be 
stressed that not all animals were affected 
to the same degree, many escaping entirely, 
and that the tuberculous process was in all 
instances — self-limiting 


despite continued 


dust exposure. infection, 


moreover, retarded the development of the 


The tuberculous 


pneumoconiotic reaction. These 


all 


course 


findings 
favorable 
of 


are in comparison with the 
events in infection experiments 
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with other siliceous dusts. Nevertheless, 
the occurrence even of transient spread of 
the tuberculous infection indicates the need 
for systematic preemployment and period: 
cal radiographic and clinical check-ups in 
personnel of plants where exposure to 
Fiberglas-Plastic dust may oceur. It should 
be further emphasized that there were no 
features of the tuberculous reactions which 
suggested that these enhanced lesions would 
not have responded to the currently avail 
able chemotherapeutic agents. 

Whether lesions of the kind observed in 
the guinea pigs would be readily demon 
strable radiographically im man remains to 
be proved. We took serial x rays only of 
the rabbits. In previous experiments such 
a policy had usually proved adequate. Un 
the 
bits did not develop roentgenographicalls 


As the 


which 


fortunately for present purposes, rab 
demonstrable pulmonary lesions. 


peribronchial macrophage clusters, 


developed in the guinea pigs, are space 


occupying lesions it may, a priori, be as 


sumed that similar lesions which may 
develop in plant personnel wall be radio 
graphically demonstrable. It 1s equally im 
portant to recognize, in anticipation, that 
x-ray mottling which may be recorded will 
the 
radiographic punctate shadows which rep 


the focal of 


have the same limited significance 


as 


resent clusters Iron oxide 


particles welders. 


Summary and Conclusions 


Observations were made on 140° guinea 
pigs, 36 rats, and 12 rabbits experimentally 
exposed by inhalation to dust generated in 
the ot 


The product was a Fiberglas 


manufacture automobile molded 
body parts. 
reinforced polyester resin plastic with a 
CaCQs, filler. The 
of particles less than 10 was 338,000,000 
of The included 


inquiry into the effects of the imhaled dust 


average concentration 


air. study an 


on the course of experimentally induced 
pulmonary tuberculosis. 

As controls, 100 guinea pigs, 100. rats, 
and 50 rabbits, which were never exposed 


18, 


luly, 1958 
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to dust, were used. Lesions observed in Saranac Laboratory for the Study of 


Tuberculosis, 
the exposed group also were compared Saranac Lah 


ce, N. Y., June 9-14, 1941, New York, 


tional erculosis Association, 1942 
with the reactions in several hundred ami National Tuberculosis Association, 1942 
? Schepers, rm elal 1 
mals exposed to quartz, to submicron amor 2. Schepers, G. W. H. and Delahant, A. B.: At 
, ; Experimental Study of the Effects of Glass Wool 
phous silica, and to other siliceous dusts. 


on Animal Lungs, A. M.A. Arch. Indust. Healtt 
The effects of the inhaled liberglas 


12 :276-279, 1955 


Plastic dust were gauged through studies 


3. Schepers, G. W. H The Biological Action 


of the animals during life, by histopatho 


of Glass Wool: Studies on Experimental Histo 

logical investigations, and by chemical de pathology, A.M. A. Arch. Indust. Health 12:280 
terminations for retained silica in the lungs 287, 1955 

Limited pulmonary reactions were pro +. Gardner, L. 1 Experimental Pneumo 


duced by the | iberglas Plastic dust chietly conioses, in Silicosis and Asbestos, edited by A. J 


in the guinea pigs. The responses obtained Lanza, New York, Oxford University Press, 1938, 


57_245 
are classified as belonging to those charac pp. 29/-34 
teristic of the category of “inert” dusts, 5. Sonnenborn, Fiberglas Reitorced 
. *lastics, N rk, Reinhold Publishing Corpor: 
and on termination of the exposure the Plastics, ew Res 


19° 
tion, 1954 
pneumocomiotic lesions underwent resolu 


; 6. Schepers, H.: Delahant, \ B 
scree . Schmidt, J. G.; Von Wecheln, J. C.; Creedon, 

The inhaled Fiberglas-Plastic dust spo T:. and Clack, W.: The Acton al 
radically and moderately stimulated 


Degussa Submicron Amorphous Silica Dust (Dow 
tuberculous infection. This enhanced re Corning Silica): IIT. Inhalation Studies on Rab 
sponse was self-limited despite continued — bits, A. M.A. Arch. Indust. Health 16:280-301, 


dust exposure. The tuberculous process 19+ 


retarded and diminished the pneumoconi 7. A Unidirectional Flow Valve tor Lung Func 
otic response tion Studies on Small Animals, Saranac Labora- 
torv, Technical Report Contract 1581) Ottice 

A tentative tolerance limit of 1 mg. of 


dust per cubic toot of air 

ths seg Schepers, G. W. H.; Durkan, T. M.; Dela 
is recommended for the purpose of plant jon 4. B.; Fear, E. J., and Schmidt, J. G.: The 
hygiene. 


Biological Action of Degussa Submicron Amor 


It is suggested that periodic eXaminations phous Silica Dust (Dow Corning Silica) I\ 


ot exposed personnel mav enable detection Studies o1 


Guinea Pigs Infected with Tuberculosis, 


of incipient pneumoconiotic lesions, while \.M. A. Arch. Indust. Health 16 :363-379, 1957 
preemployment examinations may obviate 9. Gardner, L. | Studies on Experimental 


feact tio rf lin 
igravation of subelinical tuberculosis Pnew niosis: Reactivation of Healing 


Primary 


Tubercles in) Lung by Inhalation of Quartz, 
Institute of Industrial Healt Granite, and Carborundum Dusts, Am. Rev 
Puberce. 20 :833-875, 1929 
REFERENCES 
10. Schepers, G. W. H Experimentally In 
1. Gardner, L. U.. editor: Tuberculosis in Ih duced Hematite Pneumoconiosis, preparation, 
dustry: Report otf the Symposium Held at. the 1958 


Schepers et a 


: 
4 
| / 


Abstracts from Current Literature 


General 


Sinicosis IN THE Porrery AND CreRAMIC INDUSTRY. Report No. 11, Office ot 

Adviser Factories, Ministry of Labour, Government of India, 1956 

This report is a concise statement of the results of a survey of 12 factories in ditferent parts 
oft India: 5 of the factories are large, 3 of modern design, the other 2 and the sn aller factories 
investigated consist of old buildings and sheds The goods nanufactured are earthenware, 


stoneware, and porcelain which is a translucent white pottery. Most of the output 1s of cheap 
tvpes of earthenware. The main health hazard is silicosis; lead poisonmey has been virtually 


eliminated by the use of low solubility fritted glazes. The free silica content of the pottery 
and ceramic bodies and glazes ranged from 7% to 36% 


Environmental studies included dust sampling with the midget impinger, ind 
light-field. The counts are expressed in millions of particles per cule foot of air (m. p. 4 
and the standards of permissible dustiness are those suggested in the United States This J. & 


296 (1953)). The amount of exposure to dust of each class of worker ts calculated dust 


concentrations at the process in an &-hour day. Weighted dust exposure was calculated on the 


< - { 
periods spent on different jobs. Of 921 workers examined only 250 (27%) were exposed 


to concentrations of less than 5 m. p. p. c. t.: 4 (53%) had dust exposures ot 6 20 


m. p. p. c. f., and 183 (20%) had exposures of over 21 m. p. p. A time-intensity factor 


was calculated for each worker on the number of years spent in a particular occupation and 


the weighted dust exposure for the occupation 
The total number of persons employed in the industry in 1953 was 15,974 workers of whon 
20.7% were women 


Medical examinations were made of 921 workers; the sample for eacl 
was taken from workers with over 5 years’ service. The data from clinical 
examinations were analysed by a punch-card system. ~ results showed th 
of male workers and 24 (75%) of female workers were in the age-group 20-39 
229 (24.8%) of all workers were over 40. The radiographs are classihed according 
International Scheme adopted by the [LO Conterence, 1950. This Scheme is reproduces 
an appendix to this report. Of the 904 radiographs taken only SOR were cot sidered to be 


satisfactory standard. Silicosis was diagnosed in 127 (15.7) of the satisfactory 


j 


3 of these were of women: 108 (85%) of all subjects with silicosis were aged 


There was a progressive increase with age: 67 (20.7¢ f age-group 20-39, and 

of age-group 40-79. The frequency rates of silicosis also show a progressive mecrease 
200 

rot 10] Hy) 


lustry should not 


increased dust exposure. In relation to the time-intensity factor of dust exposure 
cases of silicosis had a factor up to 100, whereas 3647 of the same group had a tact 
The data suggest that the time-intensity factor recon 1 1 for this n 
exceed 100, which would correspond to 5 m. p. pc. t , air on an estimated exposure 0 


20 years. The incidence of silicosis in various accupations and processes 1s shown in tables 


There were 51 cases of tuberculosis (6.3%) in the 808 examined; of these 30 cases were © 


silico-tuberculosis and 21 of tuberculosis without radiographic evidence of nodulation 


Recommendations are made for suppression of dust, separation Of processes, penodical 


medical examinations, respirators, protective clothing, cleanliness ot the ti ies, and washing 
facilities for workers. The use of powde red flint or quartz, tor operations s is pl wing and 


polishing ware, should be prohibited 


Physiology and Nutrition 


\ Routine METHOD FOR THE PREPARATION OF THE CeLLS OF URINE. P 

Med. 14:164-167, 1957 

“A method is described by which the whole cell content of a sample ‘ 
mounted within a small area and stained 

“The method is suitable for use as a routine, particularly in screening for 


by exfoliative evt wliagnosis 


58 


es 
1¢ 
nly 
the 
as 
of 
HYG 
Brit. |. Indust % 
urine 1 le 
bladder cancer 


IBSTRACTS FROM CURRENT LITERATURI 


“The advantage over the standard technique of smearing the urine sediment lies chietly in 
the assurance of an adequate number of cells being obtained from every urine sample this 1s 
particularly valuable where only a very few tumour cells are present, and in such cases may well 
lead to earher diagnosis.” 

Hye 


Occupational Diseases and Hazards 


\ Barat Case or Capmium Potsoninc. C. H. Mantey and R. A. Dattey, Analyst 82 :287 
289, 1957 
During the drying of cadmium propionate the material exploded, giving off reddish brown 
fumes which caused pathological changes which were fatal to one man. Cadmium was found 
in the lungs, liver, kidneys, and heart. Attempts to make cadmium propionate explode were un 
successful 


CHEM. ABs 


Arc Wenpers’ Lune. B. T. MANN and E. R. Lecutter, Brit. M. J. 2:921-922, 1957 


A case is recorded of arc welders’ lung in association with a tuberculoma, in a man engaged 


in are welding for over 25 vears. Radiologically an increase in the pulmonary vascular pattern, 


concentrated in the lower two-thirds of the lung fields 


with micro-nodular shadows mail 
was observed. At operation a distinct loss of lung elasticity was noted, and this was confirmed 
by respiratory physiological investigation. The pathological appearances of the excised lobe, 


in addition to the deposition of iron, revealed a considerable degree of emphysema Chemical 


and spectro-chemical analyses show the lung to have an iron content at least 100 times greater 


suggests that arc welders’ lung is not always the 


than normal values. Evidence stror 
innocent or reversible condition which has been suegested by all previous workers 
\UTHORS’ SUMMARY 


HEARING Loss IN RELATION TO INDUSTRIAL W. GRINGS, ANNE SUMMER 
and A. Groric, Indust. Med. & Surg. 26:451-458, 1957 


sample of audiograms was obtained from an aircraft manufacturer and analyzed 


qualitatively and quantitatively. Graphs of hearing loss versus length of notse exposure are 


plotted for (1) all factory workers and (2) the largest single job group, riveters. After the data 


are corrected for age, a significantly greater loss with longer exposure appears at frequencies 


above 2000 eps. Two different types of “correction” for age were introduced. Average audio 
grams for two work groups, riveters and jet line mechanics, show differences of hearing loss as 
a function of job classification within this particular imdustry. When the absolute levels ot 
loss m these work Lvroups are omy red to those from other sources ot data some inconsistencies 


ippear. Possible explanations for the discrepancies disclosed are bias operating im the selectior 


of the sample and nonrepresentativeness of the audiograms. For research purposes industrial 
records should) contan accurate lata 1 it least ave oft the person tested, standardized 
specification of the noise environment, and accurate record of exposure history, a statement 


of the reason for making the audiogram, and the date and time within the work cycle that the 


measurement Ww. 


CONDENSED FROM AUTHORS’ SUMMARY 


AND PATHOGENESIS oF So-CALLED BAKERS’ ASTHMA AND AstHMA. V. W 


KLUNKERk, Schweiz. med. Wehnschr. 87 :714-719, 1957 


Phe author reports the results of climieal studies and intradermal tests carried out on 15 
bakers and & millers who had bronchial asthma, presumably of occupational origin. Asthma 


} 


in bakers is usually caused by allergy to flour. Rhinitis accompames and generally precedes the 
asthma. Skin tests in typical cases are positive In the asthma of millers degenerative processes 
caused mechanically by dust generally predominate; these in turn bring on chronic bronchitis, 
wthma, or emphysema. Cutaneous reactions and rhinitis are absent. Exceptions that occur in 
small numbers of cases of both diseases are discussed. The author concludes that the single 
concept of the origin of bakers’ and of millers’ asthma apples only under certain conditions 11 
at all. Although the cause may ditfer in the asthma of bakers and of millers, both disorders are 
lefinitely of occupational origin 
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INVESTIGATIONS ON THE INFLUENCE OF THI DrEGREE OF DISPERSION OF A) FINE PARTICLE 


(200 A) AmorpHous Sinicic Acip on Its BrovocicaAL AcTIVITY RY INTRATRACHEAL 
INJECTIONS IN Rats: CONTRIBUTION TO THE PATHOGENESIS OF Siiicosis. H. W 
SCHLIPKOTER, I, Rorues, and A. J. Derescue, Ztschr. Hve. 143-533 42, 1957 

Suspensions of Aerosil were prepared 


as follows Suspension A—1% Aerosil im distilled 
water; Suspension B—1% 


Nerosil in distilled watet heated at 65 C for 
C—1% Aerosil in distilled water homogenized for 1 minute 
Suspension D—1% 


45 minutes; Suspension 
in-an Ultra-Turrax apparatus ; 
\erosil in distilled water homogenized for 1 minute in at 


n Ultra-Turrax and 
heated at 65 C for 45 minutes. Electron-mic roscope investigation of these different suspensions 


showed no morphological differences of the individual particles but there was obvious aggrega 
tion of particles in suspensions A and B whereas ( 


intratracheal injections of 0.5 ml. (35 mem. Aerosil) of each suspension were given to 40 white 
rats. 


and I) were well dispersed Weekly 


The mortality after injection as noted on the 30th dav was as follows (group 1) 34 deaths, 


Group B 26 deaths, Group C 24 deaths and Group A 21 deaths. Rats killed on the 30th 
of the experiment showed an obviously greater fibroblastic reaction in groups A and B 
in groups C and D. C 


aay 
than 
and D showed cellular foci of fibroblasts and histiocytes with only few 
reticulin fibres and scanty collagen, whereas in Groups A and B there were well-detined nodules 
which were confluent and showed thick reticulin and collagen 


The authors suggest that the 
aggregation of particles in suspensions A and B causes them t 


» have a “depot” effect so that 
there was a continuous local increase in the level of silicic acid which led to the characteristic 
picture of progressive silicosis, whereas increased dispersion of the material led to a greater 
toxic effect but a lesser fibroblastic effect. Heating to 65 C also increased the toxic effect 


Butt. Hye 
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HEXAVALENT CHROMIUM AND ToraL CHROMIUM 


R. G. KEENAN and V. Perrone, Am 
Indust. Hyg. A. Quart. 18 :231-234, 1957 


Procedures are described for the separation and analysis of the soluble hexavalent chromium 


and soluble total chromium in portland cement, for the. fusion of unwashed cement samples and 
the insoluble residues resulting from the washing 


procedure, and for the determination of 
total chromium in these materials. The analytical 


h results of the present study show that the 
concentration of total chromium in 


portland cement extends up to 60 micrograms per gram, 
of which varied amounts up to 9.9 micrograms per gram are soluble, The proportion of 
hexavalent chromium in the soluble chromium varied widely in the samples analyzed, the 


variation extending from 2% to 100%. The highest concentration of soluble hexavalent 


chromium determined in this investigation was 7.8 for type 1, 8&7 for type II], and &.& microgran 
per gram tor waterproof cement 

AUTHORS’ SUMMARY 
EARLY AND Late DAMAGE TO THE Bioop FoRMING SYSTEM FROM BENzoL AND Its Homo 
LOGUES. E. APPUHN and H. Gotpeck, Arch. Ge werbepath. u. Gewerbehyg. 15 :399-428, 
1957 


The toxic effect of benzol is much greater than that of toluol or xvlol, but its effect in 


mixtures of these solvents is difficult to evaluate. Chronic benzol potsoning, as distinct fron 


its acute narcotic effect, affects principally the blood system. The author emphasizes an 
“initial stimulation” especially of the red corpuscles, sometimes accompanied by a disturbance 


of leuco- or thrombopoiesis or of the differential count, as the first sign of bone marrow 


injury 


Early blood changes are exemplified in a serial investigation of 49 men and 10 women en 


ployed in the printing industry, where a solvent mixture containing 40 to 60% of 
used 


benzol Was 


The initial stimulatory phase, as evidenced by a high red cell count (maximum 5.68 


millions) was shown by 13 men; an increase of leucocytes by 14, and thrombopenia by 15 
Of the 10 women, 1 showed slight leucopenia and 3 tl rombopenia. Reticulocytes were normal 
in all and there was no essential change in the differential count. In one of these women the 
first sign of bone marrow injury appeared 3 years later, and after 10 years there occurred 


1 case of paraerythroblastosis and 1 of fatal aplasia 
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/ cases of severe injury of the bone marrow emphasizing the variable effect ot chrome 
henzol potsoning are described im detail The chief climecal teatures were progressive 
deterioration ot the general health preceding 4 sudden 1 pid change in the blood picture 


In 1 patient only, a man who had had intensive exposure to a rubber solution contaimine 
benzol, the illness was ushered in by fever and septic tonsillitis This severe acute “pat 


myelopathy” responded well to treatment with cortisone and corticortophin, the only residual 
blood disturbance, 6 months late being tl rombopet la 


2 of the 7 cases were fatal—an acute aplasia, and an acute paraeryvthroblastosis, in whicl 


the bone marrow was highly cellular with many atypical elements 


wrocedures in the evaluation of bone-marrow function meluded 


Diagnostic examination of 
the granulopoietic response to intravenous injection of Pyrifer; the reaction to small doses of 
corticotrophin; estimation of the serum iron and its response to oral administration of ferrous 


iron and estimation of the serum content and urinary excretion of vitamin B12 


In all the chronic cases of benzol poisoning the vitamin B12 values were practically as low 


as those of pernicious anaemia 5 the serum iron level 


was higher than normal and absorption 
of terrous iron lower, suggesting a disturbance of trot 


metabolism 


BuLL. HyG 


“POX ICOLOGICAI 


INVESTIGATIONS OF SOME AMINO-CoMPOUNDS USED IN ENDUSTRY IN HUNGARY 


M. Sziza and L. PopHraGyat, Arch. Gewerbepath. u. Gewerbehyg. 15 :447-456, 1957 


This paper describes experiments on rats, guinea-pigs and rabbits which were undertaken 
to determine the toxicity of aniline, ethylaniline, diethyl aniline 


p-chloraniline and p-anisidine 
approximate LD 50 for oral, intra 


The toxic effects were examined by assessment of the 


peritoneal and subcutaneous administration of the organic substances. Their effects on the 


skin and the eve and on inhalation were also observed. The 


results of these experiments are 


set out in tables and by description of the clinical effects and of the post-mortem and 


histological findings 


BuLL. HyG 


CARBON DISULPHIDE PoIsoNING AND NEWLY-DescriBED FORM OF 
H. K. von RecHenserc, Arch. Gewerbepath. u 


CHRONIC POISONING 
Gewerbelive, 15 :487-530, 1957 


The introduction to this paper gives a description of the processes in which carbon disulphide 


is used Poisoning by this substance is among the 


most frequent occupational diseases in 


Germany where it comes second on the official list of poisonings. Clinically the intoxication by 


carbon disulphide may be of hyperacute, subacute, acute or chronic form but the last is nowadays 
the most important. The symptomatology of the chronic form consists of polyneuritis, organic 


psychi and other cerebral disturbances, gastric conditions, h 


on ular ( 


wes and other general 
symptoms which are summarized 


The main body of the paper is devoted to d 


a description of 6 cases of chronic carbon 
disulphide poisoning with characteristics that taker 


together, constitute a new svndrome in 


the sense that the general picture ot the condition 


has not hitherto been adequately defined 


These cases are given a very detailed description. The manifestations of this syndrome whuicl 


are considered to be characteristic are (1) the 


ence phalopathy (ene ephalopathia diffusa 


sulfocarbonica) which is thought to be due to vascular changes and not to a neurotoxic action 


oft carbon disulphide, and (2) hypertensive nephrosis which 1s also regarded as being caused 


by pathological changes in the arterial system. This syndrome which occurs after 10-15 


vears of exposure to carbon disulphide is a form « 


chronic CSz-intoxication localized primarily 


in the blood vessels. It has a bad prognosis, for 5 of the 6 patients died within 5 vears of the 


beginning of serious manifestations of the condition 


BuLL. Hye 


MeRCURY 


TOXICITY : 


\ oF PupiisHep Lirerarurt HuGcH E. Voress 


and 
Naomi K. SMetcer, comps., TID-3067, nical Intorn 


vation Service Extension, 
Atomic Energy Commission, July, 1957 


This title list contains 1676 references to articles on mercury toxicity that have appeared 
in technical journals from 1903 to the spring of 1955. TI 


e references are arranged alphabetically 
by semor author 


| 
as Nuc. Sc. ABst 
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Mercury Hazarps Hanpiine. T. A. J. Jaques and J. S. Bikram, AERE-CE/M-198, 
Gr. Brit. Atomic Energy Research Establishment, May, 1957 


Recent experiences in controlling mercury in the laboratory are summarized 
Nuc. Sc. ABST 


CapMium Potsontnc. Frances M. AERE-MED/M-17, Gr. Brit. Atomic Energy 
Research Establishment, May, 1957 
Acute and chronic cadmium poisoning and prophylactic and therapeutic measures are 


discussed 


Nuc. Sc. ABS1 


EXPERIMENTAL DATA FoR DETERMINATION OF THE MAXIMUM ALLOWABLE CONCENTRATION 
or CADMIUM AND VANADIUM IN THE Atk oF PNpustRIAL Premises. A. MEINTKOVA, 
Gigiena i sanit. 22:25-31, 1957 
Cadmium and vanadium may have a chronic effect on the organism and may cause functional 

disturbances, primarily of the nervous system. In order to determine the threshold value ot 

the toxic effects of their aerosols, it is necessary to take into consideration the functional 

disturbances of the central nervous system and the subordinate chronaxy, which appear at a 

lower concentration of these metals in the air than the levels lable to cause morphological 

changes in the tissues. When simultaneous multiple symptoms of both acute and chron 
intoxication with cadmium and vanadium occur at equivalent concentrations (in animal experi 
ments), it has been found that aerosols of cadmium cause a more pronounced functional dis 


turbance of the nervous system. The allowable concentrations of vanadium of 0.1 mg. per cu 


m., which has been recommended, may be considered correct \ similar level of the MA 


for cadmium may be permitted only temporarily and requires further investigation 
Butt. Hye 


\ Re-EXAMINATION OF THE Picture oF PLuMpiIsM. R. JomNnstone, Indust. Med. & Surg 

26 :323-326 (July) 1957. 

After 20 years of intimate experience with lead intoxication the author maintains that the 
picture of plumbism has undergone great changes. Because of greater attention to industrial 
hygiene the disease has recently become rare, and mild, and it is now lead absorption rather 
than lead poisoning which is observed. However, instances will occur where ordinary illness 
is ascribed to lead, owing to the mistaken impression that the patient has been exposed to lead, 
for example when he has used paint for inside purposes, though paint now no longer contains 
lead in the United States. Modern text books often rely upon old-fashioned authors rather thar 
upon modern experience, and postulate a relationship between hypertension, arteriosclerosis, 
gastric ulcer, hepatitis and other general diseases without sutherent foundation 

Lead absorption shows itself by constipation with fatigue and dull headaches ; 
severe intestinal colic may follow, and nausea, vomiting and anorexia may be present 
line on the gums should not be relied upon as evidence of intoxication. Abdominal tenderness 
about the umbilicus is usual. Encephalopathy and peripheral neuritis are unusual and are 
tremor, wrist drop, and weakness of the extensor muscles. Laboratory reports on specimens 
of urine or blood, by mentioning the presence of lead, although within normal limits, may 
suggest plumbism. Lead in the urine must be in excess of 0.1 mgm. per litre of urine, and n 
whole blood in excess of 0.07 mgm. per 100 em, of blood before being regarded as abnormal 


in amount. Ordinary mild lead absorption, if the patient is removed from exposure, calls 


for no treatment. Colic may be removed by intravenous calcium gluconate at intervals of 3 
or 4 hours, and one-half ounce of magnesium sulphate daily will relieve constipation. Calcium 
EDTA is seldom needed and it is indefensible as a preventive measure. Prevention should be a 
matter of good industrial hygiene, and in these conditions if lead intoxication does occur it 1s a 
mild gastro-enteric condition only 

Hye 


HEALTH Hazarps ASSOCIATED WITH UNSYMMETRICAL DIMETHYLHYDRAZINE, SHOOK, 
and ©. H. Cowart, Indust. Med. & Surg. 26:333-336 (July) 1957 
Unsymmetrical dimethylhydrazine (UDMH) is one of the fuels which is used to create 
the propelling force to carry a missile to its destination. This substance ts recognized by 
animal experiments as toxic; it may produce pulmonary irritation, delayed gastro intestinal 
irritation, haemolysis, convulsions and death (Bull. Hyg. 1956, v. 31, 652). Information as to 
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its reactions on human beings, however, is rather scant. This article reports on workers wit! 
some EXPOSuUure to UDMHE 
Accidental spillage caused extreme nausea and vomiting im 2 workers 4 hours afterwards 
ind the taste of UDMH > was left in the moutl \t the arsenal careful pre-employment 
walysis of men was carned out including cephaln flocculation and thymol turbidity. tests 
Every 2 weeks the observations were repeated. Only a subeclimiecal toxic state was noted 1 
5 individuals \iter 6 months no climeal evidence of toxicity was observed, but a peositive 
ephalin flocculation was noted. Comparable results were found im another group of 6 met 
Phe indications vathered are that UDMH may produce in human beings pulmonary irrita 
tion, delaved gastro-intestinal irritation, haemolysis and convulsions. Proper handling and 
sage of UDMH is strongly recommended with frequent periodical medical examinations ot 
any person who is exposed to risk. Evidences of any hepatocellular changes must be sought 
for by laboratory methods 
Buin. Hye 


PNEUMOCONIOSIS IN CUMBERLAND MINERS. | Clin. Path, 10:187-189 


\ug.) 1957 


\fter reviewing briefly the literature on the effects of iron oxide on the lungs the author 
traces the history of Cumberland iron-ore mining from the time of Roman workings. The 
in the form of ferric oxide or haematite 


1 is almost entirely 


and exists in large masses in the deep layers of the carboniferous limestone at depths approach 


iron ore of north-west Englan 


lrilline in 1913 the ore was mined by 


drills increased the rate of working and_ the 


ing 1500) feet Until the introduction of pneumat 
hand-chisel and blasting ; the use of pneumatye 

amount of blasting so that dense dust clouds were produced. After 1925 wet drilling was 
introduced but the use of water was often evaded 
Investigations between 1912 and 1923 into the ‘lity rates for pulmonary diseases among 
e miners showed evidence of bronchitis and emphysema, but mortality from bronchitis, 
Lins In 1931-33 the death rate for 


not outstanding 


tt 


pneumoma and pulmonary tuberculosis was 


tuberculosis was 70% higher than that of all males of comparable age, and 3 times that ot 
oal miners in Staffordshire and Yorkshire. Local statistics also showed a high rate tot 
tuberculosis in the haematite mining area. This was attributed to infection in ill-ventilated 


workers, and mechanization in mining methods 


tuberculosis began to be recognized climeally and at necropsy 


ind dusty mines, a higl proportion of Iris] 


From 1930 onwards cases of silico 


miners a modiher 


Progressive massive fibrosis of haematite 1 form of infective pneu 
moconiosis, which was considered to be tuberculous when first described (Stewart and Faulds, 


Bu Hlya.. 1934. v. 9, 659) but may not be invariably so. In the last 2’ years necropsies on 
58 iron-ore miners showed that 30% had died of pulmonary tuberculosis; the author takes the 


the dust in the lungs predisposing 


view that the tuberculosis is a terminal event im most cases, 
to imfection and to develop ent of the lisease \ relative increase in the amount of sihea 


action of iron-ore dust must also be considered 


in the lungs is a contributory 
lhere is an increased incidence of lung tumours in iron-ore miners. The striking feature 
is the location of the primary tumour at the sites where fibrosis 1s most cot monly found. They 
ippear to arise from dust from the floor and disperse it as a cloud of the required density 
lwo types of blast-meter for measuring the magnitude and recording the vartations im the 
An established explosion can be quenched if a suitable 


blast ahead of ¢ xplosions are described 
is uniformly dispersed ahead of the 
letector which will automatically disperse 


agent sucl as Water or stone dust nm sufficient ¢ 


flame. For this purpose there is needed an explosior 
a quenching agent. A spring-loaded switch has been designed to act as a flame trigger. Within 
15 to 20 milliseconds of the arrival of flame the switel closes and the resultant electrical 


signal can then operate barriers at suitable points 
Reference is made to cameras which have been 


to gauges for measuring the pressure developed by an explosion 


used tor photograpl Ing shock Waves, alt 


Hye 


foxic Eerecrs or Mixtures oF SutpHurR Dioxtpk AND SMOKE WitH Atk. R. E. and 


F. Burcess, J. Path. & Bact. 73:411-419, 1957 
Both sulphur dioxide and smoke particles are present in smog and it has been suggested 
Air Pollution (Bull. H/yg., 1954, v. 29, 394) that smoke enhances the 


by the Committee on 
Meetham (Quart. J. Roy. Meteorol. Soc., 1954, v. 80. 96) suggests that in 


toxic effects of SO. 
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a smog SOs is removed by adsorption on smoke particles; SO. thus adsorbed would not be 
detected in the usual apparatus for measuring atmospheric SO». Experiments were carried 
out by the authors to see if smoke had any effect on the toxicity of SOz2 to animals 

The toxicities of mixtures of SOz and smoke and of SOs alone were first compared, in 
guinea pigs and mice. The sensitivity to SO. of mice which had been previously exposed to 
smoke was then compared with that of fresh mice. In addition smoke which had been in 
contact with SO., but from which gaseous SO. had been removed, was compared, in its action 
on mice, with ordinary smoke. Experimental methods are given in detail in the text and the 
results are well represented in a number of tables 

The lethality to mice and guinea pigs of mixtures of SO. and smoke was found to be 
greater than that of the same amount of SO. administered alone. This is considered to be due, 
not to adsorption of the gas on the smoke but to a simple additive effect Smoke inhaled 
before exposure to SOz has some protective effect; less oedema was produced in the lungs of 
the smoked animals. Smoke which had been exposed to SOz and from whose gaseous environ 
ment the SO, had afterwards been removed was found to produce exactly the same histological 
appearances In mice as ordinary smoke 

It is stated that the results of these experiments are evidence against the hypothesis that 
adsorption of SOs on smoke is an important factor in increasing the lethality of fogs to human 
beings 

Buin. Hye 


MALATHON INTOXICATION. M. N. Watters, M. J. Australia 1:876-877 (June 22), 1957 
Malathon (or malathion) is an organic phosphate (0,o-dimethyl dithiophosphate of diethyl 
mercapto-succinate) which has been developed as a pesticide more recently than parathion and 
related compounds. Its principal pharmacological action is anticholinesterase activity It as 
a yellow-brown liquid, with high boiling point and low vapour pressure, and is only slightly water 
soluble. When given orally to animals “salivation, depression and tremors predominate” and 
unless death supervenes in a few hours recovery is complete. Inhalation of the vapour causes 
pulmonary hyperaemia. Malathon is marketed as malathion 50 which 1s composed of 50% 
malathion technical and 50% of solvent X7 (toluol/xylol), and also as a fly spray which con 
sists of 3% malathion 50 with a non-ionic emulsifier and a small amount of organic solvent 
No reported case of malathion intoxication in man was found in a search of the available 
literature. The particulars reported here are those of poisoning in a housewife aged 35 who 


applied malathion fly spray to an aching tooth but finding this treatment to he ineffective 


drank the remainder of the spray which amounted to about 16 ounces. Fortunately she had 


told her husband what she had done and he secured her admission to the Royal Perth Hospital 
3 hours later. In transit she lost consciousness but on admission had recovered from this but 
was much confused. The pupils were much contracted and were without reaction to light 
or accommodation. No abnormalities in the cardiovascular or neurological systems were 
apparent. About 30 minutes after admission she again became unconscious and the limbs were 
completely flaccid, with loss of deep reflexes, but breathing remained normal There tollowed a 
sudden vomiting of over 50 ounces of liquorice-coloured fluid with particles of food. The 
patient was given 1/50 grain of atropine subcutaneously and 1/150 grain by gastric tube, 
a treatment which has also been given energetically for parathion poisoning (Bull, Hyg. 1955, \ 
30, 149, 245). Mydriasis was observed in a few seconds and in 3 hours the patient hecame 
conscious; she was discharged after 13 days without residual consequences although she had 
suffered from aspiration pneumonia while in hospital. “Malathon is far less toxic than parathion 
because of poor alimentary absorption.” “The importance of the prompt use of atropine, as 
immediately effective antidote, is stressed.” 
Hye 


DIMETHYLSULPHATE Porsoninc. E. Barracint, L. Mariani, and L. Vacer, Med. lavoro 48 

329-335 1957 

According to the authors, exposure to dimethylsulphate (DMS) vapour in a concentration 
of 97 p. p. m. for 10 minutes can be fatal for man and the maximum tolerable concentration for 
8 hours’ work is 1 p. p. m. No antidote is known. The substance is absorbed by inhalation, 
through the skin and mucosae, and the digestive tract. The first-named is the most important 
as absorption is most rapid this way. 

The authors describe 4 cases of acute poisoning and 1 case of poisoning through long 


continued exposure to DMS vapour. In the acute cases, 2 of which were due to receiving a 
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spray of DMS into the eve, symptoms were a burning feeling, tension, and pruritus im the 
affected areas, temporary diminution of vision, oedema of the tissues and the formation 01 
multiple vesicles on the skin which tended to coalesce and after rupture healed with scarring 
When the patients were examined again 6 vears later some impairment of the liver function 
was found and there was reduction of the visual fields for red and green in 1 patient, and for 
white in the other, and increase in the blind spot in both. The 3rd patient, who also had a 
spray of DMS into the right eve, when seen 13 vears later had reduced vision (8/10), reduction 
of the temporal peripheral visual field for white, and increase in the blind spot 

1 fatal case occurred 3 hours after the accidental ingestion of approximately 50 gm. DMS 
Symptoms began 30 minutes after, with burning in the oesophagus and stomach, vomiting, 
motor agitation, loss of reflexes, convulsions and cyanosis. Death occurred with symptoms ot 
circulatory failure 

Phe case due to protracted exposure was that of a man who had worked in a place where 
receptacles were filled with methyl alcohol and sulphuric acid, the rest of the reaction being 
carried out in a completely closed circuit. The operatives were supplied with rubber gloves 
and sleeves, goggles and gas masks but in spite of this 1 man complained of respiratory 
catarrh and increased conjunctival secretion and on examination there was some chroni 
bronchitis, emphysema and hypertrophy of the right ventricle (the age of the patient was not 
stated). No alteration of vision or of the visual fields was found but there was slight impairment 
of liver function 

The authors consider that DMS can be rewarded as acting on the peripheral fibres of the 
optic nerve, that the reduction in the visual fields was irreversible, and that the chronic case 
was due to the repeated exposure to slight acute poisoning, resulting in liver damage and 
irritation of the respiratory passages 

For prevention they suggest that all production of DMS should be carried out in the cold 


to avoid vapour production as far as possible; water for eye irrigation and suitable means of 


treating the working areas, e. ¢. with ammonia a soda solutions, should be provided. In 
treating acute cases they suggest oxygen and suitable supporting treatment (morphine and 
the barbiturates are contra-indicated in the acute phase). For chronic cases they mention 
alkaline eve ointment and other forms of treatment, secundum artem 

BuLL. HyG 


(METHYL CHLOROFORM). NATIONAL Sarery Counc, Data Sheet 

1)-456, Nat. Safety News 76-134, 135, 256, 257, 1957 

1,.1,1-Trichloroethane, widely known commercially as methyl chloroform, and not to be 
confused with 1,1,2-trichloroethane or with trichloroethylene, is an excellent solvent for 
oils, greases, tars, and waxes, and has many uses in the cleaning of metals and fabrics. The 
“uninhibited” compound readily corrodes aluminum and its alloys. Inhibited 1,1,1-trichloroethane, 
which is available under several trade names, may be used in contact with aluminum, and is 
non-corrosive at its boiling point to metals except zine and aluminum. Physical properties 
of both grades are listed. It has no flash point or fire point, but irritating and toxic gases may 
be produced in contact with flame Much less phosgene is produced than from carbon tetra 
chloride under the same conditions. It must not be used as a fire extinguishing agent. It is not 
recommended for general vapor degreasing, although it has been successfully used for this 
purpose under care fully controlled conditions The substance taken orally is moderately toxic 
Anesthetic effects are produc ed by inhalation in animal experiments, but there is no known case 
of human injury. The maximum acceptable concentration is 500 ppm; the odor at that concentra 
tion is perceptible but not disagreeable to most persons. Concentrations ranging up to 1000 
ppm can be tolerated occasionally for short periods up to 30 minutes; the odor is strong and 
unpleasant. Dermatitis and eye irritation may be produced by contact. The symptoms of 
poisoning in order of increasing severity are impaired coordination, dizziness, sleepiness, mental 
dullness, and unconciousness. Recommendations include ventilation, personal protective equip 
ment, containers, storage, and first-aid measures, which vary with the type of exposure 


INpust. Dicest 


Action or 4-CHLOR-2-METHYLPHENOXYACETIC (WEEDEX) ON THE CARBOHYDRATI 
METABOLISM IN Rappits. 1. LoRENZEN and J. LynGsor, Nord. hyg. tidskr. 38 :153-157, 1957 
The English summary appended to the paper is as follows 
“ ‘Weedex’ is chlorided phenoxy acetate, used against weeds in agriculture. The cause of 


this study was two patients, admitted to the Central County Hospital, Svenborg, one with a 
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recent diabetes mellitus, the other with transient glycosuria and elevated fasting blood sugar 
Both had for the three weeks preceding the admission been spraying fields with ‘Weedex 
Phe first one was admitted under the diagnosis ‘spray poisoning.’ 

“Our experimental studies comprised a total of & rabbits of which 3 were controls. The 
other five received toxic and subtoxic doses orally for shorter and longer times 

“Only one showed transient glycosuria and none showed alterations of the blood sugar 
suggestive of diabetes 

“Histological examinations of the pancreases and the pituitary glands revealed no real 
differences from the control-animals. 

“Experimental animals showed the same toxic symptoms, described by previous authors 
and ultimately all died from intoxication with progressive doses 


“The suspicion that ‘Weedex’ has a diabetogenic action, originated by the clinical observations 
was thus not substantiated in experimental studies with rabbits.” 


Butt. 


THE: Toxiciry oF ETHYLENE OXIDE AND A ReEpoRT ON THREE FATAL CASES OF POISONING 


M. MarcHanp, R. Devesvaux, C. CLarys, and F, LeseuNE, Rev. méd. miniére 10:5 9, 1957 


In this paper some of the physical and chemical properties of ethylene oxide are described 


and also its preparation and its use in the synthesis of organic compounds. It is frequently 


employed in industry, for example in the manufacture of certain detergents and  svntheti: 
perfumes, 


is a disinfectant of cereals and of dates, and as a solvent 

The toxic action of ethylene oxide lies in its causing chemical burns of the skin, irritatior 
of the eves and a general intoxication in which the respiratory system is involved and there may 
be renal and nervous effects. As regards its toxic concentration opinions are variable but 
1 experimenter found that a concentration of 1000 p. p. m. of 


air caused death in animals in 
4-8 hours and states a limit of 250 p, 1 


» m. for a short exposure and 24 p. p. m. for repeated 
contacts 


There is an account of an accident during the manufacture of 


ethylene oxide when a 
distillation apparatus broke and the workers were exposed to 


Vapours consisting Of a mixture 
of ethylene oxide, glycol chlorhydrin and dichlorethane in unknown proportions. 5 


men were 
affected and taken to hospital. Of these, 3 had only slight 


and transient effects of vomiting, 
abdominal pains, diarrhoea and headache, but 1 died soon after 


4 hours. Clinically the picture of the 2 patients who died was one of severe involvement of 


admission and another after 


the nerve centres—torpor progressing to coma, profound circulatory collapse and respiratory 
failure. After a discussion of considerable length of these cases and of the literature, the 


opinion was reached that the major toxic element in the vapours was glycol chlorhydrin. The 


third fatal case of poisoning reported here is that of a workman act identally exposed to vapours 
from pipes containing liquid ethylene oxide. At first he felt queer and sick but was able to 


bicycle to his home where he became worse and developed intense dyspnoea | 


passed into coma 
and died some hours later. Post-mortem examination showed acute pulmonary oedema and 
congestion of the meninges and brain. In this case also the opinion, based on the first 2 cases, 


is that the poisoning was due to dichlorethane and glycol chlorhydrin. The prevention of these 


poisonings is discussed 


bye 


THE FUNCTIONAL STATE OF THE NERVOUS SYSTEM OF WORKERS SUBJECTED 


THE EFRECT OF 
CapMiIuM Oxipe. R. S. Vorop’eva, Zhur. Nevropat. 1. psikhiat. 57 :385-388, 1957 


/ 


\ study was made of the chronaxie in 160 workers who were exposed to the effects of 
cadmium oxide for varying periods of time, 63.7% of them for over three vears. Seventy 
individuals never exposed to cadmium oxide were used as controls. The deleterious effeet of che 
cadmium oxide cn the stimulability of the optical and dermal analyzers is described. A’ study 


of the effects of cadmium oxide on the motor chronaxie pointed to the direct action of eadmiun 


oxide on the cortical cells of the motor analyzer. Defense inhibition was shown in cases wit! 


functional changes in the cerebral cortex. In cases accompanied by organic changes of the 


nervous system, changes in the functional state of the cerebral cortex showed chronaxie changes 


which appeared in advance of other symptoms of chronic cadmium intoxication. This fact 


may prove of value in the early diagnosis of cadmium intoxication 


CHEM. 
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Medicine and Surgery 


EXPERIMENTAL CorK-Dust Contosts. EXPERIMENTAL Superosts.* Da S. Horta and L. De 


C. Arch. Gewerbepath. u. Gewerbehyg. 15 319-354, 1957 


Certain workers who were exposed to much dust in cork factories presented symptoms 
closely resembling tuberculosis, but the sputum was negative. In Portugal about half of the 


world’s cork is produced in 977 factories with some 20,500 workers. On the assumption that 


cork dust might be the injurious agent, experiments were carried out on 3 groups of animals 


(1) guinea pigs and rabbits were exposed to the dust in the workrooms for 56 1278 days; 
(2) guinea pigs were given injections of sterile suspensions of cork dust into the peritoneal 


cavity, the muscles and subcutaneously; (3) intravenous injections of suspended dust were 


given in guinea pigs. The conditions and the results of the experiments are described in detail 


and illustrated 


In the guinea pigs the particles were found to travel by a definite route and collected into 
masses in certain foci, especially under the pleut wo kinds of injury were observed: diffuse 


interstitial, and nodular, partly intraalveolar and partly interstitial. Fibril) formation was 


very marked. The rabbits were exposed in the workrooms for 276-1100 days The fine and 
] lease 


medium dust was found first in the large alveolar cells and some was free to the alveoh. The 
alveolar cells carried the particles into the septa, and lymph nodules, composed « hiefly of alveolar 


cells. were formed. In the second group the cork dust caused a sharp fibrinous and granulocyti 


inflammatory process in the peritoneal cavity within the first hours and days. ‘This was as 


sociated with considerable fibroblastic proliferation. Finally, fibrotic tissue formed adhesions 


hetween visceral and parietal peritoneum, and foreign body reactions were noted. Similar 
types of reaction were observed when the dust was injected into striped muse le or subcutaneously 


In the third group intravenous injection produced small arterial emboh in the lung tissue of 
the rabbits. At these points considerable amounts of neutrophil granulocytes appeared, and 
} 


later, nodules of connective tissue with foreign bod iant cells developed which surrounde: 


the cork parti les in the blood vessels 


It appeared from this that cork dust was not inert, and the question arose as to the active 


\fter due consideration of the care 


necessarv in transferring results of animal experiments to human disease, the authors conclude 


principle causing the reaction. This question is « 


that, having produced nodular pneumoconiosis by inhalation of cork dust, they have proved its 


irritant action. This is supported by the subjective improvement experienced by workers re 


moved from exposure to cork dust for a time. For final proot post-mortem examinations 


would be required 
BuLL. HyG 


MINERALOGICAL AND PHYsico-CHEMICAL INVESTIGATION OF TALC PNEUMOCONIOSIS AND TAL 
SkIN GRANULOMA, ©. Hipnerk and G. Arch. Gewerbepath. u. Gewerbehyg. 15 
440-446, 1957 
Tale, a hvdrated magnesium silicate, was tormerly regarded as harmless, but recently this 


} lescribe a method of separation and examination of 


pinion has been revised. The authors 
mineral residues from 2 sources: (1) The lung of a man who had been employed for 20 
vears in a rubber factory, mixing and sieving talc, kaolin and other mineral substances ; 
radiological examination had shown changes suggesting silicosis. He died at the age of 67; 
the lungs showed massive, diffuse fibrous thickening. (2) The sear tissue 4 months after an 
operation for hydrocele in a youth of 17 

Concentrates of the mineral content of the tissues in each case were prepared by ashing 
with sulphuric acid, washing and centrifuging; the white concentrates consisted almost 
solely of tale. This was examined by polaroscopic methods which are very fully described ; 
the refractive indices were those of tak The solubility of tale in water was investigated 
hy titration with idranol (the disodium salt of ethylene-diamine-tetraacetic acid) as described 
by one of the authors (Muller, G., Neues Jb. Ge 1956, 330). By this method tale can he 
dissolved: after 270 hours of stirring, saturation point ts reached giving a value—0.0013 gm 
Me per 100 cc. water. It 1s suggested that in the tissues eventually Me and Si woul 
separate, the silica combining to form organic compounds of silicic acid and bringing about 
thus being similar to silicosis im its final action 


Hye 


the injurious action, talcosis 


* (Quercus suber is the cork oak of Southern Europe. | 
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BRONCHIAL SPASM IN SiLicosts, EMPHYSEMA AND CHRONIC BRONCHITIS AND THE EFFECT Ot 
Acroso. INHALATION. G. WortH, H. VALentin, L. GastHaus, and H. HorrMANN 
Arch. Gewerbepath. u. Gewerbehyg. 15 :-473-486, 1957 
The effect of dust inhalation on the respiratory tracts and the concepts of broncho 

constriction and pneumoconstriction are discussed, and the occurrence ot generalized bronchial 

spasm accompanied by diminished function in chronic lung diseases, especially silicosis, 15 

examined critically. Examinations were made of 65 persons by means of a spe ial apparatus, 

incorporating the Knipping spirograph with an arrangement by which aerosols could Ix 

administered and the effects observed and recorded without interruption. The apparatus 1s 

described and. illustrated 

This method was applied to 56 patients with various chroni lung diseases, including 
emphysema, bronchitis, and silicosis ot different degrees of severity. Brief periods of 
inhalation were given of Bronchovydrin. (a preparation contaming adrenaline, atropine and 
other drugs) without any measurable change in respiratory values being observed, indicating 
that generalized bronchial spasm was not present. However, a patient with chronic asthma 
who had an attack of true generalized bronchial spasm while the Bronchovydrin was about 
to be administered, had instant and striking relief with regular, deep breathing \ spirogram 

records this incident as the classical example of the action of a bronchodilator aerosol im 

true generalized bronchial spasm The indication tor aerosol therapy with bronchodilator 

drugs must be decided in each case. Observations with bronchoconstrictor aerosols on the 


same type of chronic lung disease, using 1% acetylcholine chloride, showed no significant 


effect 


Buin. Hye 


Tue Errecr oF CARBON DISULPHIDE ON PROTEOLYTIC Enzymes. B. Soucek, Z. MApio, and 

H. Arch Gewerbepath u. Gewerbehvg. 15 2531-538, 1957 

This paper describes experiments which were undertaken in extension of recent work 
which has shown that carbon disulphide will combine with amino-acids in blood and with 
certain proteins and also has an inhibitory effect on some enzymes. The purpose of these 
experiments, details of which are recorded, was to examine the influence of carbon disulphide 
on the action of pepsin, trypsin and chymotrypsin It was shown that these enzymes will 
combine with CS and are then unable to split albumin. Albumin which has reacted witl 
CS. is broken down by these enzymes to a considerably lesser extent than is normal albumin 
The presence of free CS. or of dithiocarbaminopropionic acid reduces the breakdown ot 
normal albumin by normal trypsin or chymotrypsin but does not have any effect on pept 
action 


EXPERIMENTAL STUDIES ON THE RELATIVE IMPORTANCE OF CONCENTRATION AND DURATION 
or Exposurt TO Dust INHALATION BM. Wricut, Brit. [. Indust. Med. 14:219-227, 
1957 
Details are given of an experimental technique for exposing groups of animals for long 

periods to inhalation of dust clouds of controlled concentration, and of a method of measuring 

their average exposure. Three experiments are described in which two groups of rats were 
exposed to the inhalation of dust, one group being exposed for 20 hours a day and the other 
for two hours to a concentration ten times greater, so that the two groups both received 
the same daily dose In the first two experiments. the animals were exposed to. relatively 
high concentrations of aluminum oxide dust over a period of a few months, and in the third 
to moderate concentrations of coal dust for 18 months. In all three experiments the amount 
of dust retained by the two groups Was very similar, but the high concentration group always 


retained rather less (20-30% less) than the low concentration group. The validity and 


implications of these findings are discussed 


AuTrHor’s SUMMAR\ 


ABSENCE AND THE PHYSICAL CONDITIONS Ot Work. R. D. SHerHerp and J. WALKER, Brit 
J. Indust Med. 14:266-274, 1957 
The absence records of selected samples of men employed in an engineering firm and two 
iron and steel works were examined to test for associations between the physical conditions 
of work and absence. The conditions of work were assessed by the managers and foremen 


using rating and ranking techniques. The physical heaviness, continutty of working, tempera 


= 
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ture, and exposure to dust and fumes which were associated with the occupations were 
assessed Iv these methods Chere Was i relation ship hetweetr the physical heaviness ot thie 
work and absence. There was no increase in absence with exposure to heat, dust, or fumes 


The results are discussed in relation to the selective factors operating 


AUTHORS’ SUMMARY 


MbEPABOLISM OF SILICA AND StIicares INJECTED INTRAVENOUSLY INTO ANIMALS, TRACED BY 
MEANS oF St Ste, Ro Micuon, and |. Mérinits, Compt. rend. Acad. Se. 243 :1809 
1956 


Radio-active silicon is useful in studies of the distribution of its salts in the body. The 
authors injected a suspension of silica particles liameter less than 30 microns), a solution 
of sodium silicate, and a suspension of calcium silicate, intravenously into rabbits; all the 
preparations had been rendered radio-active lhe animals were killed at intervals from 15 to 


120 minutes after injectior 

The silica particles were found mostly in the lungs and liver; the kidneys contained very 
little and the urime none. The sodium silicate was found in the liver and kidneys 15 minutes 
after injection, and was present in the urine. The calcium silicate was found in lungs and 
liver, but was partly excreted in the urine, though more slowly than the sodium silicate 


BuLL. Hye 


DkCOMPRESSION ILLNESS \ Report or Forry-Four Cases. S. |. and 
B. Scouman, Indust. Med. & Surg. 26:492-496, 1957 


Forty-four cases of acute compressed air illness occurred in 128,034 decompressions 


presented, which were incurred in the process of building a shield-driven compressed air 


tunnel under the Hudson River. Emphasis is placed on the careful selection and preplacement 


examination of the workers as well as the unique character of the medical control by the 


Medical Department of The Port of New York Authority. The work schedules and treat 
ment schedules are presented. The aim of the Medical Department's program was the 


prevention Of compressed air illness fhe most modern methods of therapy were made 


available on the jobsite. It is the belief of the authors that, given a careful pre-employment 


screening and physical examination, adequate proper schedules of work time and decompres 
sion time, and full cooperation between labor, management and the Medical Department, 
acute decompression illness can virtually be eliminated as a hazard in future compressed ait 
work 


\UTHORS’ SUMMARY 
Carprac New York Crry’s System. J. LL. Operman, W. D. Luptum Ir 
H. Green, and T. J. McKiernan, Indust. Med. & Surg. 26:499-505, 1957 


The problem of the cardiac emplovee in New York City’s Transit Authority has beet 


discussed, pertaining to job assignment, seniority civil service status. The safetv of the 


riding public as well as the health and satety of the emplovee must be considered when the 


question is raised whether to permit an employee to return to work after he has suffered a 


coronary thrombosis The standards of the Medical Department of the New York City 
Pransit Authority have been analyzed in relation to recent studies on prognosis in coronary 
ind hypertensive heart disease. A review of 422 cases of cardiovascular disease seen in the 
past year has been presented Of 139 coronary thron hoses, 25.2% returned to previous 
assignment, 51.0% were reassigned, and 23 id not return to work. The incidence of 
ompensation claims in this series ot cases was 14%. Present compensation rulings tend to 
leter the employment and utilization of the cardiac im imdustry 


\UTHORS’ SUMMARY 


CARDIAC REHABILITATION: (QUESTIONNAIRE SurVEY OF Mepicat Direcrors 1x [Npustry. P 
R. Lee, H. A. Rusk, P. D. Wuirer, and B. Witutams, J. A. M.A. 165:787-791 (Oct 
19) 1957 


Data obtained from 19 industrial organizations and representing 251,480 workers showed 


that nine organizations had hired cardiac patients during the past vear. Among 19.321 new 


employees there were 242 with cardiovascular disease? All of the 19 organizations reported 


that 1t was their policy to return an emplovee to |} 


s job after recovery from an acute cardiac 
episode. The total number of deaths attributable to cardiovascular disease was 181 in an 
employee population of almost 170,000, and only 13% of these deaths occurred at work 
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Absenteeism is not a major problem among cardiacs; the major reason cited by industries 
reluctant to hire cardiacs is the threat of monetary loss from compensation claims, sickness 
benefits, or pension benefits. More facts are needed regarding the work experience of cardiacs 
and the impact of workmen's compensation legislation upon employment policies. Education 
of physicians, patients, and industry, and cooperation between industrial and private physicians 
are also needed 


Inpust, Hye. Digest 


CHRONIC BERYLLIUM POISONING TREATED WITH RoGers, Lancet 

267-269 (Aug. 10) 1957. 

Eighteen months after a short exposure to beryllium compounds a young woman developed 
dyspnea, cough, wasting, and nodular lesions in the lungs. Her condition became so serious 
that by 1950 it seemed unlikely that she would survive. She was then treated with corti 
cotropin, and her general condition, but not her radiographic appearance, improved con 
siderably. A relapse eight months after her last course of treatment responded favorably 


to corticotropin. Since then her condition has remained satisfactory. Improved blood and 


lung conditions are reported. The total dose of corticotropin was small, but the results were 


more satisfactory and prolonged than those reported by other workers. The mechanism of 
the action of corticotropin is discussed 


CONDENSED FROM AUTHOR'S SUMMARY 
TREATMENT OF LEAD Porsontnc. G. Satta, Med. lavoro 48:307-328, 1957 


The English summary appended to the paper is as follows 

“The causal therapy of lead poisoning was mainly based, until some 10 years ago, on the 
use of calcium and alkalizing substances favouring the storage of lead in the bones of 
magnesium, ammonium chloride, parathormone, iodides as favouring the mobilization and 
elimination of the poison. Sodium citrate was also used, because it is capable of chelating 
lead into a compound which can be easily dissolved and eliminated. Towards the end of the 
last decade BAL was also widely experimented, but its use was not quite safe, particularly 
in acute stages. Lead elimination with these treatments was always rather limited and 
therefore their detoxifying action was only scarce. The recent introduction of calciun 
versenate in the treatment of lead poisoning opened new perspectives to its causal therapy, 
because this drug has a low toxicity and determines lead elimination quickly and intensely, 
particularly by renal route 


“The mechanism of action of versenate is recalled: it consists in chelating the lead into 
a non-ionized soluble compound which can be readily eliminated. The Author reports the 
results obtained at the Clinic for Occupational Diseases in Milan in 46 cases of saturnisn 
treated with versenate, in doses of 2 g. daily. Lead elimination with the urine was found 
to be as high as 20 mg. daily and up to 70 mg. in 9 davs of treatment. Lead elimination 
was found higher when the drug was administered by intravenous injection rather than by 
oral route. If the drug is administered by slow intravenous perfusion, its action is more 
ready than when it is rapidly injected as a 10% solution. 

“The lead contents in the blood show a tendency to decrease in the cases where it is 
initially high, while it remains unchanged in the cases with initial values lower than 109 
micrograms percent. Coproporphyrinuria decreases rapidly and more so with the intravenous 
than with the oral administration. Clinical conditions improve and the duration of the colic 
is definitely reduced. Slight activity or none at all is shown by the drug in repairing the 
anemia. This is probably due to the fact that versenate, while making the coproporphyrinuria 
rapidly decrease, has no similarly rapid activity in reducing the protoprophyinemia and 
therefore the obstacle to the synthesis of haem. Versenate must be administered in successive 
cycles to obtain the best results on the ratio between lead elimination and dose of administra 
tion. The Author reports his own experience with the associated treatment with calcium 
versenate and BAL: administration of BAL, after some days of versenate treatment is 
capable of producing a new increase in the elimination of lead 

“As far as the symptomatic treatment is concerned, mention is made of the recent use of 
cortisone and ACTH in the treatment of the colic and the results of vitamins and liver 
extracts in the treatment of the anemia.” 


Buti. Hye 
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SeVERE ASBESTOSIS WITH ALVEO-CAPILLARY BLOCK SYNDROME Med. lavoro 


$8 358-62 (May) 1957 


Phe author reports a case of severe asbestosis in a man wed 57 who had worked in an 
whestos factory for 7 vears. The atmosphere was very dusty and the dust-extraction 
apparatus totally inadequate The man had worked in. sé veral departments 1TM¢ luding the final 


placing of the prepared material into sacks by hand 


Three vears aiter commencing work the patient complained of dyspnoea on exercise, 


with slight sputum, the condition became progressively worse and finally he was sent to a 
sanatorium and notified to the INAIL (National Accident Insurance Institute) as a cast 
of combined tuberculosis and asbestosis with a disability of 50% After 2 years, mm spite of 


his respiratory symptoms, he started work as a veneral labourer, and was admitted to the 


author’s clinic 3 vears later with a recurrence of chest symptoms No tubercle bacillh were 


} 


found, even after animal moculatiot the chest. showed intense reticulatiot 


especially in the medio-basal regions, small zones ot fibrosis in the right apicoclavicular area 


and thickening of the pleura at the left base. Tests of respiratory tunction showed dyspnoea 


on repose and markedly so on exercise, and while resprrometry gave only slight alteration 


from normal, the Os saturation was only 90% The diagnosis of advanced asbestosis 


was made on account of the marked 


respiratory insufficiency, absence of tuberculosis, 1 


creased ervthroevte sedimentation rate and hypergamn iglobulinaemia 


BuLL. Hye 


ResearcH: Recent DeveLorpMENTS THE PREVENTION AND CONTROL OF 
SILIcosis, AN OccuPATIONAL THAT CONTINUES To Be A PRoBLEM OF INDUSTRIAL, 
SoclAL AND Economic Sicnipicance. H. N. Doyie and R. H FLINN, reprinted fron 
Mining Congr. J... April, 1957 


The authors quote figures of incidence of pneumoconiosis diagn sed as silicosis (other forms 


being excluded) collected during the period 1950-54, which show tl 


at 10.362 men were 


compensated for this condition in 22 states ot the United States; 6756 had been engaged in 


mining, especially coal-mining. Spectal investigations on some ot these men showed that 10% 


received their entire dust exposure in the last 20 years (since 1935) and that one-third had 


tuberculosis as well as silicosis 


The authors discuss classification of chest skiagrams, but port out that a diagnosis ot 


<ilicosis cannot be made by radiography alone. They mention with approval the classification 


into simple and complicated pneumoconiosis now used in Britain and elsewhere 


For the early detection of Susceptibility to silicosis the 3-second timed vital capacity and 


e maximal breathing capacity are useful tests 


The authors are sceptical of the value of aluminium therapy, but optimistic about dust 


control. The paper as a whole is a useful survey of the situation in the United States 


BuLtI 


Eczema Causep BY Piastics: A Proptem or HYGIENt K 
tiidschr. geneesk. 101 :1319-1325, 1957 


Maren, Nederl 


Che English summary appended to the paper is as follows 


“An extensive dermatological study of 14 patients in the Fokker aircraft factory proved that 


ckin sensitization had net been caused by any of the auxiliary materials (various kinds of 


wood, priming, metals, etc.) but was due to certain constituents of the plastics produced by 


polycondensation, which were used in the industry. Patch testing showed mainly the following 


substances to have acted as allergens Araldit ( Aethoxvlin), Hardener 951, Lamellon 23 


(polyester), cobalt naphthenate, benzoy! peroxide, cyclo-hexanon hydroperoxide, methyl-ethy! 


ketone hydroperoxide, styrene, Xerolite resin and hardener, Redux resin and powder (phenol 


formaldehyde). (Testing concentrations and solvents Malten thesis, 1956.) 


“Some plastics produced on the basis of polymerization appeared to have no sensitizing 


properties whatsoever Theoretical chemical arguments could be given for these differences 


between polymerization and polycondensation plastics 


“If large surfaces are to be processed, one should be careful with the vapour of Hardenet 


051 in the air above the pieces of work, as it may act as an allergen. In processing Polyester 


resins one should be careful for styrene vapour as a number of subjective symptoms seem 


to suggest that its air concentration exceeds the maximum allowable concentration of 200 parts 


per million 
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“Moreover some of the substances mentioned here were used in a concentration exceeding 
that which had been qualified as toxic to the skin under experimental conditions 
“A number of precautionary measures were taken to prevent contact of the skin with 
chemicals, and detailed instructions were given to emplovees. Their success was evident, for 
no new cases of occupational dermatitis were diagnosed throughout the vear 1955, although 
mostly the same plastics were used in production as before.” 
BuLL. Hye 


SILICOSIS FROM CRUSHING OF LIMESTONE WitH FLINT Deposits \HELMARK, T. Bruce, 

and A. NystrOM, Nord. hyg. tidskr. 38:195-197, 1957 

The English summary appended to the paper is as follows: 

“Silicosis was detected in 3 men engaged in crushing, screening and packing of limestone 
containing flint. The finished product contained on an average about 10 per cent ¢ t crystalline 
silicic acid. In 2 men the disease had reached stage III, and in the third, stage IT ( Johannes 
burg). One of the men with advanced disease had been exposed to the dust for only 7 years 
The disease progressed rapidly in 2 men; in 1 it was complicated by spontaneous pneumothorax 
and subsequently by pulmonary tuberculosis.” 

Butt. Hye 


MepicaAL EXAMINATION OF WORKERS ENGAGED IN THE MANUFACTURE OF NITRO-GLYCERINI 

AND ETHYLENE Giycov DINITRATE IN THE SWEDISH ExpLosives INpustRY. G. Bostrom, 

S. ForssMan, G. JOHANSSON, N. MAsreviez, G. SUNbELL, and O. WILANpDER, Nord hyg 

tidskr. 38:198-214, 1957. 

The English summary appended to the paper is as follows: 

“The medical division of the Swedish Employers’ Confederation has organized a special 
study of the health of nitro-glycerine workers employed in explosives factories with a view to 
seeking to establish whether or not work in this industry, as currently organized, involves any 
risk for the physical and mental health of the workers involved. The investigation entailed 
the medical examination of all the nitro-glycerine workers employed in three explosives 
factories, that is 276 workers of whom 174 were men and 102 women. 

“The result of the medical examinations of nitro-glycerine workers in the three explosives 
factories concerned can be summarized as follows: the characteristic symptoms normal) 
displayed by nitro-glycerine workers have been evident among those examined but there was 
no evidence any permanent symptoms of reduced health caused by exposure to nitro compounds 
In one case only was it possible to confirm minor changes which may be due to the effect of 
nitro-glycol. 

“It is suggested that, as a preventive measure, efforts should be made to reduce the nitro 
glycerine-nitro-glycol-content of the air to below 2-5 mg/m* and to make regular tests of 
the air at the different places of work. Absorption via the skin can be avoided by careful 
personal hygiene. 

“It is further recommended that the medical examination of new personnel should be 
obligatory and that a medical examination should be carried out at regular intervals, for 
example annually.” 


BuLL. Hye 


EXPosURE TO ORGANIC PHOSPHORUS SPRAYS AND OCCURRENCE OF SELECTED SYMPTOMS 
Way J. Hayes Jr, Ernest M. Dixon, Gorpon S. Barcuetor, and M 
Upuoit, Pub. Health Rep. 72:787-794 (Sept.) 1957. 

A study of the effect of exposure to organic phosphorus insecticides carried out duririg 
1952 and 1953, using some of the same subjects as those observed by Sumerford and_ his 
colleagues in 1951 (2), confirmed the previously demonstrated relationships between blood 
cholinesterase levels, exposure, and illness. It also provided further evidence that the occur 
rence of myosis or 3 or more other selected symptoms is a criterion for the differential diagnosis 
of mild poisoning.. None of the results of the new investigation contradicted any conclusion 
stated in the first report. 


In addition to these confirmatory findings, the present study showed clearly for the first 


time that illness resembling mild poisoning was not significantly more common in persons 


living in an agricultural community who had no occupational or gross accidental exposure 
than it was in persons living in a non-agricultural area, where insecticides were not used 


AUTHORS’ SUMMARY 
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INCIDENCE OF SILICOSIS AND OF TUBERCULOSIS IN THI Dusty INpUSTRIES OF VENETIA 


Penpint, V. Tinazzi, and M. Munair, Rass. med. indust. 26:222 1957 
his is a report of the results of mass radiogt iphy of workers employed in dusty mdustries 
n Venetia, excluding the zones of Trentino and Trieste, in north-eastern Italv. The 


reters to the period 1954-56. In addition special examinations were made in the individual 
occupations im certain industries during 1956. The | numbers examined amounted to some 


10,000, but some were radiographed 4 thar 


so that the number of radiographs was 
nearly 14,000 


The results were classified under the 1) pneumoconiosis-normal, reticulation, 


nodulation, massive silicosis, and tuberculosis, probably 
(2) tuberculosis-healed, possibly active, ; Vv active The numbers examined and 


or detinitely active 


results of examination are given in tables ach industry; for the 


special investigatior 
of 1956 particulars of age and duration ot employment im the individual occupation are 
given, as well as the radiographic findings lustries are arranged in 3 groups: (1) Metal 
| and cast iron, foundries, engineering and metal works. 
enamelling, and cutlery; (2) Stone and ma quarrying and 


industries including manufacture of stee 


working, cement works: 


(3) Pottery, refractories, abrasives a rla industries, The results mav be tabulated 


follows 
Stone Pottery, 
Refractories, 
\brasives, 
Glass 
Total Radiographs 
P’neumoconiosis 
Normal 
Reticulation 
Nodulation 
Massive Silicosis 
Silicosis with Tuberculosis 
luberculosis 
Healed 


93 
Other OS 


In the 1956 examinations the stage of silicosis was found in workers in the occupa 


tional groups as follows: steel and blast furnaces in 0-58 of 857 radiographs 


; foundries in 
0-20% of 1,450; metal and enamel works in 124% of 484; engineering and cutlery in 013% 


of 772; in stone, marble and cement in 0-38% of 264; refractories and abrasives in 0-40% 


of 250; pottery and porcelain in 1-69% of 474: glass works in 1.86% of 539 


Massive silicosis 
was diagnozed in a few workers employed in “miscellaneous” jobs in the steel, stone and 
abrasive groups of industries, and in only 1 specified occupation, namely in 0-89% of 112 


pressers in the pottery industry 


THe Hycentc Conpirions oF Work tN Diatomire. C. Barst, Rass med. indust. 26 :233-240, 
1957 


The various names given to diatomite, or kieselguhr, known in Italy 


as tossil flour, the 
geographical distribution, biological origin, geological, physical 


and chemical characters and the 


many uses in industry are referred to at some length. The investigation described in. this 


paper refers to the extraction and treatment of the material obtained from deposits at Amiata 
a dried sample from each of 2 deposits, in q 


as follows: SiO. 94 85, 89-00; 1-00 2:50; 0-55/] 50; CaO, 


in Italy. The chemical analyses of ercentages, is 


MgO 0-25/1-00: loss 
trustules of the diatoms were 


a thermal precipitator, in the vicinity of the 


on heating 3-35/6:00._ By microscopic examination the 
0-002-0-3 mm. in diameter. Dust counts, made with 
work were 730-1120 particles per cc 

Of the 34 workers 12 were employed for less than 10 years, 13 for 10-20 vears, 7 for 20-30 
vears and 2 for over 30 years. By clinical examination bronchitis of ordinary type was 
found in 9 who had been employed for over 30 years: bronchitis of asthmatic type was found 
in 3 workers, all of who had been employed for 20-30 years. Radiographic examination 
showed 28, who had been employed for 2-30 years, normal; 2 who had been employed for 
10-20 years showed diffuse reticulation, and 4, who had been employed for 10-30 years, showed 
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sparse and irregular micronodulation. It is pointed out that these workers were engaged for 


most of the time extracting and manipulating the crude material and heating only part of it 


to temperatures not exceeding 1000 degrees. These conditions of work appear to explain the 
relatively favourable results of the examinations. Means of controlling dust by mechanization 
and the use of exhaust draught were possible, and the provision of efficient dust respirators, are 
recommended 


Butt. 


Place of OccupaTIONAL Mepicine IN A TEACHING HosprraL. R. LANe, The Bridge 

Memorial Lecture, 1956, Tr. A. Indust. Med. Otheers 7 :39-46, 1957 

This is a lecture on a general subject, as its title indicates, and the author 1s in a spectally 
privileged position to sum up a mass of experience on which to base his thesis. He discusses 
the type of illness in workers referred to the Department of Occupational Health at the 
Manchester Roval Infirmary, quoting individual cases to emphasize his points, and goes on te 
discuss resettlement, teaching and researcl 

Several points appealed particularly to the reviewer, the first being the stress laid on 
psychological factors complicating organic disease, and often related to fear of losing work 
or of becoming useless, or to family and social background The author emphasizes the 
importance of the background to disease, and especially urges that medical students should 
study the whole person, and his environment. The author’s approach is that of the physictar 
who, where necessary, brings together the specialists—ophthalmic registrar, rehabilitatior 
officer, psychiatrist, chest physician—and from such a conference works out a programme for 
full cooperation. The results, as judged by the instances quoted, have been striking. But 
malingering remains a difficult: problem 

Buin. Hye 


EMPHYSEMA IN Dust Diseases oF THE LUNGS: EMPHYSEMA AS AN INDEPENDENT OCCUPA 
TIONAL Disease. L. DONNeR, Zentralbl. Arbeitsmed. u. Arbeitsschutz 7:137-142 (June) 
1957 
The author distinguishes 5 types of emphysema which he has met in the district of Hull, 

England. Among the occupations mentioned in which pulmonary diseases due to dust were 

found were ship's-boiler cleaners and ship repairers, workers in graphite, grain at the docks, 

ultramarine pigment, and coke. The types of emphysema described, with examples, are 

1) localized compensatory emphysema in ditfuse pneumoconiosis. The cited case was that of 

graphite worker, aged 50, for 36 years. A radiograph showed pin-head stippling 

over both lung fields which disappeared atter 13 vears, as shown in the later film. owing to 
development of enrphysema. (2) Localized emphysema with relatively slight radiographic s gns 
This type was found mostly in ship repairers, coke workers, and grain workers at docks 
There are 2 symptom groups: severe disabling dyspnoea, which is illustrated in a fatal case 
of a ship repairer, aged 50, employed for 23 > yvears; autopsy showed bullous and — focal 
emphysema, chronic bronchitis and diffuse fibrosis \ radiograph, taken shortly before death, 
showed only increased vascular and hilar shadows. In the second symptom group the dyspnoea 
is not so severe but it renders the patient unfit for work; it is suggested that bronchial spasm 
may be present. (3) Generalized emphysema with large bullae, focal emphysema and chronic 
bronchitis. An iron-foundry worker aged 51, employed for 37 years, in whom radiographi 
examinations showed few signs of emphysema or pneumoconiosis. Severe dyspnoea and 
cyanosis developed; autopsy showed bilateral, generalized emphysema, many bullae and very 
severe bronchitis; histological examination showed slight, simple pneumocomiosis without 
collagen, and areas of metaplasia in the bronchi and bronchioles. 

As a result of the observations made, and especially of the discrepancy foun] between the 
severe dyspnoea and the relative paucity of radiographic signs in workers employed in various 
dusty occupations, a diagnosis of emphysema can be made. As a logical result these workers 
should have the right to compensation and emphysema should be recognized as an independent 
occupational disease 

Hye 

Siperosis. H. ScHNeEIpeER, Zentralbl. Arbeitsmed. u. Arbeitsschutz 7:142-145 (June) 1957 

After a survey of literature on siderosis from the point of view of pulmonary changes the 


author describes an investigation into the effect of the iron absorbed from the lungs and 


assimilated to the blood pigment. The investigation was made in iron-ore miners in the 
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Oberptalz (Upper Palatinate) district of 


ontams 1% 
Fe; the results of routine radiographic exa ions of miners and. tl 
eases Of pneumoconiosis are given 


In the examinations of the blood of the miners 


are given; taking 130 ge. per 100 ml. as normal, \ i _ emploved for 
Without pneumoconiosis, also showed 130 pe iverage employment of 
years and early pneumoconiosis, showed 155 px miners, partly invalided with aver 
employment of 30 years with exposure to dust ar vears away fron 

pneumoconiosis, showed 146 ge. These values ages and individual variations were 
frequent. It seems probable that in the vounger 1 he iron ] 


ore dust had 1 had suthecrent 


time to be split up and assimilated. Following 1! idea, lobir 


thor 
allons 


erythrocyte counts were made and compared wit! coal miners from upper Bavarti 
In 31 coal miners the haemoglobin was &5%, 1 tl ervthroevtes nillions per et 


} 


in 23 iron-ore miners the haemoglobin was 96% a1 he ervthroevtes 4-7 illions 


he assumed that, in time, the iron is absorbed into the tissue fluids ar ransterred 


erum. The mechanism of this process is discussed 


reference 


chronic pulmonary stasis found in disease of the mitral ly It is not possible, 


hoped, to reach a basis for differential diagnosis of sidet d silicosis by means o 
changes 


Butt. Hye 
OCCUPATIONAL GASTRIC DiskAsSk WorRKERS ENGAGED IN) Pyrires ROASTING 
Zentralbl. Arbeitsmed. u. Arbeitsschutz 7-169 


This short paper describes the results of 


which was undertaken in order to discover dioxide 


iron oxidation products given off in the process of roasting it l < health. N 


marked respiratory symptoms were complained of and x-r: samina tl “st showe 


no pulmonary abnormality. The men did complain, however, of frequent nausea 
acid eructations and persistent anorexia al ay eXaminations 
existence of gastritis in all these workers } vidence abnorm: 


ucous membrane. In only 1 worker was there evidence of ial gastric ulceration 


Hye 
Community Air Pollution 
Aik PoLttution Dieser Bus Garaces. B. T. Commins, Ro Water, and P 
Brit. J. Indust. Med. 14:232-239, 1957 
Air pollution in two London Transport diesel bus 


LAWTHER, 


garages been studied. Results of 
determinations of smoke, polycyclic hydrocarbons, nitrogen dioxide, aldehydes, carbon monoxide. 
and sulfur dioxide are given. These results are compared with analyses of the outside ait 


Despite large differences in the concentrations of smoke inside and outside e arage only 
small differences in the amounts of 3:4 benzpyrene were noted. Concentrations of nitroget 
dioxide and aldehydes did not approac h the threshold limit values for eight-hour hift exposures 
adopted by the American Conference of Government Industrial Hygienists in 1956. The carbon 
monoxide concentrations were negligible ; there was no evidence of abnormal concentrations of 


sulfur dioxide 
CONDENSED FROM AUTHORS’ SUMMARY 


Latest You Can Use For INpustRIAL Ovok Controt. JOHN Von Bercen, Chen 
Engineering 64:239-250, 1957. 


Community relations and plant employee morale can be improved by odor control techniques 


Che first step in odor control problems is to survey the area around the plant to determine 


the extent of the annoyance. After it has been determined that control is necessarv the wav is 


open to the different methods used to reduce malodors to below the threshold level. “Methods 


now commercially available for the control of odors from exhaust stacks mav be divided into 
tive general classifications : combustion, absorption, adsorption, odor masking, and odor counter 
action.” In determining which method to use a study should be made of the type or types of 
compounds which are responsible for the problem. Armed with these data as well as equipment 


and operating cost a final decision of the method to be used can be made. The author discusses 
the five methods in detail pointing out the advantages and disadvantages of each and further 


stresses the need for seeking advice from odor control experts 


Pus. HeAttH Ener. 


2% quartz and 
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rion SurvVEY OF Propucrs EMirrinc OrGANIC Varors IN Los ANGELES COUNTY 
R. G. Lunecne, A. Srem, C. J. Seymour, and R. L. Wermer, Chem. Engin. Progres 


52 :371-376, 1957 


Interest in organic-solvent emissions to the atmosphere by Los Angeles County Air Pollu 


tion Control, origimated in 1949. At t time it was considered that hydrocarbons were pat 


ticipating mn reactions leading to formation of smog These reactions consisted of oxidation ot 
organic material in the presence of sunlight an oxidizing atmosphere. Considerable ex 
periments were undertaken in laboratories to test the theory, and most tmportant of all, were 
the experiments of A. J. Haagen-Smit of the Calitornia Institute of Technology, and the 
Air Pollution Control District workers. To assess the contribution of these research engineers 
in checking some of the organic compounds in the air pollution problem, surveys were conducted 
by making inspections of specific installations, and by conferring with representatives of 
industry, and by mailing questionnaires, which covered the organic solvent suppliers in the 
program of sources of solvent emissions. Listed below are a series of surveys programmed 
by the Air Pollution Control District which covers the most important in the series 

Six hundred tons of organic solvent are used daily, and only about 400 of the 600 tons are 
vaporized into the Los Angeles atmosphere. It was found that the control may be achieved 
by adaptation of disposal equipment, and reformulation of solvent-containing products so as 
to eliminate the solvents 

The Air Pollution Control District had on its program also a survey to yield (a) sources 
of supply for organic solvents; (>) variety and volume of organic solvents marketed; (¢) 
consumers of organic solvents; (d) sources of emissions of organic solvents; (¢) variety and 
volume of organic solvents emitted. Other surveys pinpointing sources of solvent emissions 
are as follows: (1) Dry cleaners (volume of organic solvents used); (2) Rotogravure plants; 
(3) Paint, varnish, enamel, and lacquer manufacturers and distributors; (4) Surface coatings 
users including: automobile assembly plants; air-craft companies; can and container manu 
facturers; furniture manufacturers; and appliance manufacturers 

The enumeration of possible control devices and methods gives hope that a reduction of 
organic solvent losses in Los Angeles County c attained. 3 figures 


Pus. HEALTH ENGR. 


CHE Errecr oN HEALTH OF ATMOSPHERIC POLLUTION FROM POWER STATIONS AND ( 
Factories. N. Y. YANISHEVA, Gigiena 1 samt. 22:15-21, 1957 


HEMICA 


In a chemical manufacturing town which has one of the largest electrical generating stations 
in the country numerous complaints were voiced of the penetration of dust into houses, damage 
to curtains and clothes and to green vegetation, and of respiratory symptoms, attribute 
pollution. The power station uses fuel of high ash and sulphur content; and the chemi 
including a phenol factory, discharges into the. air hydrogen sulphide, sulphurous gases, aerosols 
of sulphuric acid and nitrous acid and chlorine 

The residential areas of this unnamed town fall into 2 widely separated regions—one & miles 
away to the south, the other in close proximity to the town and the sources of pollution. Ar 
investigation was therefore planned to compare these two residential areas 

It was first demonstrated, by means of 1605 samples of air taken at distances from 100 to 
2500 m. from the discharging chimneys, that gross pollution, in excess of the permissible values 
laid down by Goldberg in 1952 was occurring in the northern area. Graphs show the concentra 
tion of the 6 pollutants, expressed as the ratio to the permissible value, at varying distances 


from the source. Housing Area No. 1 of the northern housing estates suffered most from 


hydrogen sulphide (0-6-1-6 mgm/m.*), sulphurous gases (13-3-33 mgm/m.*) and dust (24-9-66:3 
mgm/m.*). This dust contained 15-8% silica, but nine-tenths by weight was over 10m in size 

A record of morbidity over a period of 2 years (excluding children under & and workers 
who had direct contact with dust or toxic gases) showed that illness was generally twice as 
common in the polluted area as in the control area to the south. Increased incidence was 
recorded for influenzal colds and tonsillitis, diseases of the upper respiratory tract and bron 
chitis, conjunctivitis, acute gastritis and purulent infections 

Finally samples of the adult and pre-school populations were selected from the polluted 
and control areas; 321 adults and 613 children was examined by a team of specialists, and 
x-raved. Disease was found 1-8 times as frequently in the inhabitants of the polluted area as in 
the control (81% as against 45%), particularly disease of the upper respiratory tract, 75% of 
which showed atrophic changes 


76 


i 
t 


IBSTRACTS FROM CURRENT LITERATUR! 


In children the outstandingly predominant diseases in the polluted at 


were chan 
peripheral lymphatic glands (720% versus 360%). di 


sease Of the upper respiratory tract at 


bronchi (50% v. 21%). anaemia (30% \ 16), and the residual signs of rickets (16% 

%). Of the respiratory diseases rhinitis was the most ommon (19% yv. 3%) and atrophi 
forms of rhinitis or pharyngitis were found in 16% of children living in the polluted area but 
not in the control area. X-ray examination showe L that fibrotic changes in the lunes were more 


common (1507 \ 4% ) Haemoglobir level 


s were lower and there was more irritability of the 
rvoi tem <tle ised tendon } lermoera 
nervous systen restless sleep, mecreased tendon retlexes, dermogra 


tremor, he idache are 
Swe: 


authors attribute the ditterences in health to the nurious ettect of atmospheric poll 
tion They recommend better arrestors ar gas cleaners, higher chimnev stacks ar 
separation of residential areas from the factory zone 


Hye 


Tur Air 


PoLLUTION Survey. Farce. Indust. \W 2 :83-87, 1957 


t 
istes 


Requirements of the survey are discussed under ¢] 


e tollowing headings: (1) Source studie- 


(2) Meteorological studies. (3) Air sampling +) Effects of pollutants. (5) Planning the 
specific survey. The chief difficulty. in planning a survey lies in selectir u lequate numlx 
of measurements at pomts where they will be meaningful. The statistical ipproach has receive 


ronsiderable attention im recent vears and 


Risk of Hor Waste Gas Plume. CH Bosanout Inst. Fuel 30:322-328, 1957 


It IS assumed that when cloud ot hor 


ising tofal heat content and total upwar 
momentum are unaffected by dilution with at 


itmospheric air ion 1s developed for finding 
tract of hot waste gas rising from chimney in wind of inv. velocity 


Pups 
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\UroMoBILE EXHAUST AND SMoG ForMATION. WT. J 


J. T. Goopwi~x, F. Morrtss 
and ©. Bouze, J. Air Poll. Control A, 7-9-12. 1957 


Hydrocarbons and oxides of nitrogen in concentrations similar to those found in the Lo- 
\ngeles atmosphere, were subjected to the influence of sunlight in large 


glasshouses Odor 


eve irritation, and oxidant concentrations, simular to those of Los Angeles smog, develope: 4 
in all cases The sources of hydrocarbons were bortl auto exhaust ind evaporated hydro 

carbons. Eye irritation and oxidant concentration bot} increased as the concentratior 

hydrocarbons charged to the chambers was mcreased \uto exhaust hydrocarbons wert 


considerably more effective in producing oxidant than were the 2 


methyl pentane and hexene ] The effect ot 


added ] vdrocarbons 3 


oxides of nitrogetr 


1 concentration Was more 
obscure and complex, but nonetheless Important 


\utomobile exhaust is an important source 


of smog and must be controlled 


\uTHOoRS’ SUMMARY 


SUMMARY OF CONFERENCE ON QOpoR CONTROL A. ( 


STERN, Prov Metropolitan Cincinnat 


Conference on Air Pollution Control, Cinemnati, Oct. 25, 1956, J. Air Poll. Control A 
1957 


7 53 54, 


\ prime odor control method is combustion, examples of whicl 


h are the flare, the hig 
temperature furnace, and catalytic con bustion ( ombustion 


can be used where the odorous 
contaminant 1s safely combustible and where the 


products of its combustion are not objec 


tionable. Complete combustion of ash-free hydrocarbons to water vapor and carbon dioxide 


meets these specifications. Combustion of sulfur 


ind ash bearing substances can introduce 
objectionable substances to the atmosphere Another 


control method is adsorption, In 


packed tower, spray column, spray chamber, or wet filter, usually having water or an aqueous 


solution as the absorbent. Chemical odorants, 


masking agents, or counteractants can be 
added both to industrial processes and to their 


ettluent gases. Other odor control methods 


include adsorption ot the odorous substance on a material such 


as activated carbon: process 
change to reduce the formation of odorous substances ; 


and to prevent the creation of odor 


from waste on floors, in dumps, and other unconfined areas 


Pott. Conrrot A. Apst 
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Cost Estimates oF Liguip-ScRUBBING PROCESSES FOR REMOVAL OF SULFUR DIOXIDE FROM 
Gases. J. H. Frecp, L. M. Bruny, W. P. Haynes, and H. E. Benson, J. Air 
Poll. Control A. 7 :109-115, 1957 
\ study of the cost of removing sulfur dioxide from flue gases by existing liquid 

scrubbing processes has been prepared by the Bureau of Mines in co-operation with the 

Department of Health, Education, and Welfare as a part of the air-pollution program 

Three liquid-absorption processes using, respectively, a limestone slurry, ammomia liquor, 

ind a solution of sodium sulfite were chosen. This estimate is to determine present dity costs 

of these processes for removing sulfur dioxide from flue gases. These cost figures will 


also serve as a basis for comparison with other processes being considered for sulfur dioxide 


removal. Cost estimates have been made for removing 90% of the sulfur dioxide fron 


gases of both concentration and also for 70% removal from the gas of 0.30% sulfur dioxide 
content. While it may be unlikely that flue gases with concentrations of less than 0.10% of 
sulfur dioxide would require purihcation, an estimate has been included for the low. sulfur 
dioxide content 
Ark Pott. Conrroe A, 
\ NATIONAL ATMOSPHERIC PoLLUTION PRoGRAM. M. Karz, Occup. Health Rev. 9:1-5, 1957 
The author discusses the atmospheric pollution problems in Canadian urban and industrial 
communities. Interest in atmospheric pollution on the federal level is reflected in the activities 
of some divisions in the Dept. of National Health and Welfare, in the Windsor-Detroit 
studies, and in advisory services to Federal and Provincial Depts. The program 1s outlined 
as follows: (1) Current studies and advisory services within the Dept. of National Healt 
and Welfare: (a) Greater Windsor-Detroit area; (b) Yellow-knife area; (c) Consultant 
and other services; (d) Biological research; (e) Health study—St. Vincent’s Hospital, 
Ottawa. (2) A proposed program for Canada: (3) National air sampling network; 
Measurements and data: (b) Analysis and evaluation of samples; (c) Correlation of 
and assistance in special duties; (d) Deposited solids or airborne particulates 
Aik Pour. Conrrot A. Apst 
4 Sranparp Dust CLoup For TrestinG Purposrs. J. Burpekin, J. G. Dawes, and A 
Stack, Safety in Mines Research Establishment, Res. Rep. 141, May 23, 1957 
In this experiment a cloud of coal dust, fed at a constant rate by a special device, 1s 
injected into a wind tunnel 50 feet long which has a cross section of 1 square foot. The air 
speed can be varied over a range centered on 100 feet/minute. Dust sampling instruments 
are placed in the air stream and are either used to examine the performance of the standard 
dust cloud or are themselves studied in terms of their performance in a moving dust cloud 
The behaviour of the cloud in the tunnel has been imvestigated in detail with the thermal 
precipitator, the handpump and filter paper, and glass slips for collecting settled dust. Most 
of the dust is in particles between 0-5 and 5 microns in diameter with a few up to 50 microns 
The cloud ts composed substantially of individual party les with few aggregates The con 
centration does not vary more than 10% and there is no detectable change of concentration 
with height above the floor for sizes below 16 microns 
HyG 
WEATHER MOopIFICATION AND SMoG. M. NetpurGER, Science 126:637-645, 1957 
The 3 essential ingredients in the Los Angeles type of smog are: (1) Sources emitting 
pollution into the air; (2) atmospheric conditions which deter or prevent rapid transport 
of these pollutants in the atmosphere; and (3) solar radiation for the photochemical reactions 
which transform the relatively innocuous pollutants into substances which cause irritatior 
to the eyes and the respiratory tract and damage to plants. In this article, the various pro 
posals for modifying the weather in order to eliminate smog are discussed Elimination ot 
smog by weather modification is more ditficult or costly than control at the sources. Proposals 
for meteorological modification are ordinarily aimed at increasing the volume into” whicl 
the contaminants may spread, either by raising or eliminating the inversion or by causing 
the air to move more rapidly across the basin. Methods have been proposed for reducing the 
solar radiation below the level required for photochemical reactions. Only a completely 
new and unique approach to weather modification could have any hope of success in eliminat 
ing or ameliorating smog. It is reasonable for the agencies concerned with the solution 
of the problem to devote their efforts to the detection and control of the sources of the 
pollutants responsible for the obnoxious and deleterious effects of smog 
Ark Pott. Conrroe A. Apst 
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Roap TRANSPORT Parr Il THe OPERATOR'S VIEWPOIN' 


WiLrorp, Smokeless Air 27-181, 1957 


The subject of air pollution is ( ft an operator of a | 
fleet diesel-engined vehicles mad t \ tm of standardization 
carburetor settings and combustion « he remainder of the paper is concerned 
exhaust emission from diesel-eng hicl emission objectionable exhaust 
products can be kept to an acceptably low level by insuring that 1] recommended 
of the tuel-injection pump is never exceeded and by adopting a sy of regular and 


maintenance of the engine and its fuel-injection « uipment 


\Ik Al ARS1 


PHeE CHEMISTRY AND Puysics of THE ATMOSPHERE F, Stantord Res 


1:52-58, 1957 


Problems radioactive rallout, tr vollution th) weather 1 odification Tors 
} 


in others are posing countless tundamenta 


that must be solved by the comparatively new science of atmospheric physics and chemistry 


upper-air mussiles, air currents, and 


questions 
Recent experiments with condensatior type generators have produced monodisperse aerosols 
having particle sizes in the wavelength r: visihle light. Some researcl 
powder by jets of air, is being done, particularly on the difficult problem of breaking uy 
igglomerates usually present. Current research on condensation nuclei is related 
il cloud formation. The upper ati losphere is defined as the portion of the atmosphere 
above the troposphere, above about 40,000 ft. and is receiving ine reasing attention as airplanes 
missiles operate at higher altitudes blems in upper atmospheric research include the 
reentry problem, ind the « \ t] upper atmosphere, 
nentioned 
AiR Pott. Conrrot 


Detection of Air-Borne Contaminants 


CRITICAL COMPARISON OF COLLECTION EFFICIENCIES COMMONLY Usep AFROSOL SAMPLING 
Devices. Conrap Scuapt and R. Capre. alyt hem. 29 :864-868, 1957 
Information is given on performanice aerosol sampling devices with different aerosols 
r various conditions of operatior Samp! levices used are: thermal precipitator 
jet impactor, Greenburg-Smith impinger, precipitator, membrane filter, and sedi 
mentation box Marked discrepancies at tten observed hetweer theoretical and obse rved 
ethcrencies 


SUMMARY 


ULTRAMICRODETERMINATION OF SULFIDES IN AIR. M }acoss, 3 M. BRAVERMAN, and S 
HocHHEISER, Analyt. Chem. 29-1349-1351, 1957 

Hydrogen sulfide and other sulfides can be determined in the part per billion range 1 
air is bubbled through an absorption mixture of an alkaline suspension of cadmiun 
hydroxide contained in a Greenburg-Smith impinger. Rates as high as 1 cubic foot per 
minute can be used, or 0.1 cubic foot per minute with a midget impinger. The concentratior 
of the trapped sulfides is then estimated by the methylene blue method Procedures for use 

both in the laboratory and in the held detailed 
\uTHoRS’ SUMMARY 


DETERMINATION OF TRACE AMOUNTS OF LINDANE IN AIR BY INFRARED SPECTROPHOTOMETRY 
P. E. Bram and J. LeBorur, Analyt. Chem. 29 :1625-1627, 1957 
Low concentrations of lindane in air, such as are encountered in environmental healt! 
studies, can be detected by the method described. Three peaks at 845, 698. and 685 cm 


characterize this insecticide, the 685 em peak being used for quantitative determination 


With air samples of 50 ft.* collected by adsorption on granular alumina at a flow rate oj 


1 ft*/min, concentrations of lindane in air from 1 to 100 r/ft. may be measured. The 
lindane is removed from the absorbent by means of hot isooctane, which is then evaporated 
to a small volume and transferred to an infrared cell for measurement 

Ark Pott. Conrron A. Arst 
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THE DETERMINATION OF PARATHION Vapor AND Dust IN THE ATMOSPHERE. J. C. GAGe, 

Analyt. chim. acta 17 :291-294, 1957 . 

A sensitive method is described for the determination of parathion in air. The air sample 
is drawn through filter paper or cellulose powder, which traps both particles and vapor, and 
the parathion is reduced without heating by means of a zine-copper couple in acid solution, 
followed by diazotization of the amino derivative and coupling to give an azo dye. An 
alternative procedure is described in which the parathion is trapped on cellulose powder 
containing zine dust, from which the reduced derivative is directly eluted 
AUTHOR'S SUMMARY 


ELECTRON Microscopy OF MAGNESIUM OXIDE PARTICLES COLLECTED ON MEMBRANE FILTERS 
R. Borasky and B. Master, General Electric Co., Hanford Atomic Products Operation, 
Richland, Wash., Jan., 1956 
Magnesium oxide smoke was collected on Formyar coated electron microscope specimen 

screens and on membrane filters. The membrane filters were processed for electron microscopy 

by a modified Kalmus transfer technique and by replicating with graphite. Electron 
micrographs were analyzed for particle population, size distribution, and aggregation character 
istics. There is a decrease in the number of particles and concurrent breakdown of aggregate 


particles during processing 


AUTHORS’ SUMMARY 


Ventilation, Air Conditioning, and Engineering Control 


SaFE DesiGN AND Use oF Spray Boorns wirh Patnr Fivters. S. MArtow, Air Cond 

Heat. & Vent. 54:83-87, 1957; Safety Maintenance 114:34-38, 1957 

From the standpoint of health and safety, two main purposes are served by the use of 
a spray booth: protection from inhalation hazards, and safeguarding against fire and explo 
sion. Both these factors must be considered in the design of the booth. Spray booths may 
be classified in terms of the method used to collect the overspray. They include: (1) dry type 
spray booth with metal baffles for distribution; (2) 
type spray booth with overspray filters. The advantages and disadvantages of each type are 


water wash spray booth; and (3) dry 


discussed. The filter type has come into increased use in the last few years chiefly because 
of the growing emphasis on air pollution, and this type is given most attention. The subjects 
discussed include types of paint filters commercially available, installation of the filter bank, 
filter area required, the necessary air-flow interlocks, the loaded filter resistance, and the 
maintenance and repair of the filters. The type and location of lighting fixtures and the 


cleaning of the booth interiors must also be taken into account 
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Erriciency Dust At HiGH TEMPERATURE. M. W. First and J. B 
GRAHAM, paper presented at 132d Meeting, American Chemical Society, New York, 
Sept. 8-13, 1957 
A filter has been developed to operate at 1400 F and with an efficiency of 99.5% on O.3u 

D. O. P. smoke. This filter uses a ceramic fiber medium mounted in a ceramic frame in 

such a way that by-passing and separation of the medium and frame at high temperature are 

prevented. The individual filter cells are installed in a framework to provide filter banks 
of various sizes. One application of these filters has been in the exhaust gas of high tempera 
ture reactor experiments. For this application a special seal has been developed to facilitate 
remote handling. As part of the filter assembly, a castable ceramic liner is used to reduce 
the temperature on the vessel wall and to permit a more economical pressure vessel design 
Aik Pott. Conrrot A. Apst 


\ Srupy oF THE THERMAL ENVIRONMENT IN NON-FeRROUS FouNnpries. D. Turner, Brit. | 

Indust. Med. 14:177-182, 1957 

Foundries where non-ferrous metals are cast are often very hot, and in the height of summer 
it is not uncommon for a foundry to be closed soon after midday because sustained work is 
impossible owing to the heat. 

The author gives the results of observations of the thermal environments of men carrying 
out representative tasks in a number of foundries. Although the outside temperatures on the 
days of observation were mostly between 55 and 65 F, and did not exceed 75 F. high ait 
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PRESENT PERFORMANCE AND Scope FOR IMPROVEMENT IN Power STATION FLUE-GAS W ASHING 


EQUIPMENT FOR THE REMOVAL OF SUI 


178, 1957 
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\ review of the methods of removing sulfur dioxide from power station flue gases: The 


Battersea effluent process which is in use at 
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1 Bankside power stations is removing 
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up to 95% of the sulfur dioxide; the Fulham-Simon-Carves process tor making ammonium 


sulfate and sulfur by direct reaction of gas-works ammonia liquor with flue ASES, NOW 


undergoing pilot plant trials at Nottinel am power station; and other ammonia processes that 


were developed at Trail Smelter are being considered for use in the U.S. by TVA. The 


emoval of pyrites trom coal is not generally feasible in Britan because of 


size of the pyrites aggregates. The dry removal of sulfur dioxide from flue gases, which would 


not entail the cooling of the gas (a most serious 


fect of all flue-gas-washing processes 


ecause it causes the discharged gas to sink rather than rise) is being studied by the Central 


Electricity Authority 


Ark Pout. Conrrot A] 


Dusr in Carp Rooms. THirp INTERIM Report or THE Apvisory COMMITTEE OF THI 


Corton INpustry (Bretrrenson, A. Chairman), Ministrv of Labour and National 


Service, London, Her Majesty's Stationery Office, 1957 


This report describes an exhaust system for carding engines devised by the British Cotton 


Industry Research Association at the Shirley Institute 


The Shirley Institute studied the points on the carding engine from which dust is liberated, 


ind applied a system of exhaust ventilation to the most important sources of the dust 


The effects of the device on dust concentrations in the atmos shere of cardrooms have been 
] 


tested under both “laboratory” and “mill” conditions. Most of the dust measurements were 


of the smaller particles of 5a and less, and indicated that the efficiency of the dust extraction 


was greater for the larger particles than for the smaller ones. Its overall efficiency in the 


particles of up to 4 in size was about 60%. The few gravimetric measurements made of dust 


onsisting of particles greater than O-2y indicated an efficiency of about 75% 


The Chief Inspector of Factories recommends that the cotton spinning industry should use 


this new device. It seems to be easily the best available for reducing dust in cardrooms and 


thus preventing byssinosis 


Hye 


‘Accidents and Their Prevention: Protective Equipment 


HAZARDS IN THE HANDLING OF HyproGeNn Prroxipe, Air Cond. Heat. & Vent. 34-71 ¢Nov 


1957 


According to a Hygienic Guide published by the American Industrial Hygiene Association 
] 


the maximum &-hour exposure to 90% hydrogen peroxide is set at one part of vapor or mist 


per million parts of air by volume. However, it is believed that further industrial experience 


is needed to confirm this figure Hydroger x roxide, 90%, the present standard commercial 


concentration, 1s a liquid at room temperature that is essentially odorless, but it can produce 


sharp respiratory irritation. While health hazard through inhalation is moderate, skin and 


} 


eye contact with the liquid is severe. It causes skin to become thickened, and bleaching and 


oss of hair occurs. Skin or eve contact with the liquid will produce tissue destruction, but 


the eves do not appear to be damaged from exposure to the vapor. Special procedures are 


required for storage and handling of 90% hydrogen peroxide. Workmen should wear protective 


clothing. Garments, both outer and inner, made of woven Dacron fabric are eminently suitable 


Dynel or Saran fabrics are also usable. Impermeable aprons and the like may be made of 


polyvinyl chloride or polvethyvlene film. Gloves and boots should be made of either nitrile 


ubber, vinyl resin or Neoprene. Goggles should be worn. at all times when handling con 


centrated hydrogen peroxide. In case of spillage, the spot should be flushed immediately witl 


water. If this flushing is done in time, it will prevent any vigorous reaction. Water is also 


the best extinguishing agent for fires resulting from spillage. Hydrogen peroxide is used 


fuels, as an organic oxidant bleaching agent, and in lesser eon 


industrially in high ene 


centration for pharmaceutical preparations 
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HEALTH AND SAFEty IN Powper Hanpuine. W. 2B. Harris, NYO-4869, Operations 
Office of A. E. C. (April, 1957), Battelle Tech. Rev. 6.63la (Sept.) 1957 


Use of metal powders of interest to the Atomic energy Program. Properties of powders 


which present unusual problems of health and safety. Protective measures and equipment for 


ontrolling fires, explosion, and health hazards 


Pups. ENGR. Apst 
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THE RANGE OF Vision PeRMItreD BY PROTECTIVE 


(s0GGLES ut, Brit. Indust. Med 
14 :298-299 (QOct.) 1957 


\ttention is drawn to the limitation of peripheral and binocular fields of vision by many 
industrial goggles \ simple test of the permitted range of VISION 1s deseribed (sreater use 
of wide-angle goggles is recommended where suitable patterns are available. Further develoy 


ment is needed of designs appropriate for 
\uTHOR’sS SUMMARY 


MertHops oF TestinG Fire Exrincuisuers. H. Suour. 1 ind M. CAMFRON 


Buildings and Structures Report 150, National Bureau of Stand 


Although several types of small hand-portable fire extinguishers have been available for 
combating fires of flammable liquids, their relative effectiveness has not been widely understood 
Tests have indicated that thei pertormance dittered \ To «ce velop suitable test 
tor determining the extent of these differences, 


i study was sponsored Bureau ot 
ards, by the | S. Coast Guard. Five different «¢ re used on ten 
of fires. While the primary purpose was to establish a standard for ex 


tinguishers used on sma 
motoreratt, the work 1s sufficiently broad to be to many types of small liquid tires 


SAFETY MAINTENANCI 


STANDARD ON SPRAY FINISHING Using FLAMMABLE Marertars. NFPA No. 33, National Fire 
Protection \ ssociation, Boston, 1957 


This revised standard presents comprehensive rules for the safe application of paint by the 


spray method. It includes ordinary p: spraving, electrostatu ne, automobile under 
coating and other special subjects code 1s intended to provide a reasonable basis for the 
regulation of the hazard without undue interference 


h } } 


practice \ number ot 
hanges have been made since the |: edition 
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Fike DANGER FROM Dusts oF Ma ! H. GiecK, Staub 289 292, 1953 
\ study is made of conditions whicl resent when cellulosic fibrous dusts spor 
taneously ignite. This ignition is a function of the concentration of dust, particle nature 
ash content, moisture content, relative humidity 


aeros 


et 1 - and the electrosta } of the 
Considering the large number of different 


fibers in existence and products whicl 
nade from these fibers, tl ‘ be ar 


extremely large riety the quantities, 


ind particle size he « mixtures of dusts whicl encountered 1 
is dithcult to come 1 ca conclusions. . d, however, that the 
zone begins with dust contents levels: 4.8 ¢. for 
linen; 6.4 for staple rayon; 6.2 for concentratior 
+] 


he turbulence of the dusts in) movine 


ft 1200 volts, sutficient to produce 


Legal Medicine 


Errects oF RESEARCH UPON LEGISLATION AND 


FRAZIER, Nowe Contro 
43-49; 68, 1957 


Phe author reviews legal developments in liscusses at length the 


several states 


omplex controversial problems that have arisen in connection wit! e relation of notse t 


loss and compensation \mong — the problems 
of myury, and 


considered ; accrued liability 


standards for injurious exposures measurement 
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Radioactive Substances and X-Ray 


NATURE OF RApIoOACTIVE FALLOUT PARTICLES. ADAMS, N FARLOW, and W. R 


SCHELL, paper presented at America al Society, 1, Meeting, New Yorl 
Sept. 8-13, 1957 

The chemical composition, structure, and mode of origin of several different types of 
radioactive fallout particles have been determined using petrographic techniques, reagent 
films, and x-ray diffraction analysis. The fallout particles studied were collected following 
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detonation of nuclear weapons under various conditions at both the Nevada Test Site 


the Eniwetok Proving Ground. Radioactive fallout particles were formed by the inter 


action of the condensing vaporized metals and fission products derived from the bomb and 


issociated structures with the surface material swept up into the cooling fireball. Descriptions 


tf the various types of fallout particles are given and their modes of origin are qualitativels 


related by a simplified thermodynamic treatment 


Ark Pout. Conrron A. Ars‘ 


GONADAL Dose IN RoENTGEN EXAMINATIONS: A LirerATURE SearcH. H. BLatz and W. M 
Lowper, NYO-2092, New York Operations Othee, Health and Satety Laboratory, 
Atomic Energy Commission, Sept., 1956 


Nuc 


(AMMA RADIOGRAPHY IN INpUstRY. J. P. W. HuGues and Suaw, Brit. Indust. Med 
14 :183-190, 1957 


The technique of gamma radiography in industry has been much simplified and improved 


by the substitution of cobalt 60 and iridium 192 for x-rays; the latter necessitated elaborate 


plant, the present technique being of the simplest. The present article deals with the 


examination of riveted drum boilers to detect any cracks between rivet holes. Cobalt 60 


of 460mC strength was first used as the source of radiation but iridium 192 is now preferred 


as the gamma radiation from it is a little “softer” than the other; so photographic action 


is enhanced 


The safety of the personnel has been in good hands and a fountain-pen type of dosimeter 


has been found the instrument of choice; it consists of a quartz fibre electroscope which is 


charged at regular intervals and discharged by entering radiation. It can be held up to the 


light and a direct reading taken by the user to warn him whether he is approaching or has 


passed the level of safe dosage. 


1 
i 


The article is well illustrated and is likely to be of th 


e greatest use to those engaged Pant 


this sort of enquiry in industry 


Bute. Hye 


RADIUM AND MEsorHORIUM POISONING AND DosIMETRY AND INSTRUMENTATION TECHNIQUES 
IN AppLiep Raptoactivity. AECU-3504, Annual Progress Report, May 1957, Contract 


VT (30-1)952. Radioactivity Center, Massachusetts Institute of Technology, Cambridge 


The study of persons containing internal deposits of Ra and Ra decay products was 


ontinued with evaluations being made of the radiation dose delivered and correlation of this 


data with manifestations of toxic effects on the patients. Measurements were made on a total 


of 13 individuals. Data are tabulated from the results of analysis of teeth and breath speci 


mens of dial painters exposed to Ra. A literature survey disclosed 190 cases of Ra exposure 


Proposals are discussed for a central catalog of data on human Ra exposure cases. The 


ontributions of Ra®™, Pb™°, cosmic ravs, environmental y rays, and medical 


x-rays to the low level skeletal irradiation of man are discussed. A survey was made of 


shielding materials for use in a low y-background counting room. Data are tabulated. Water 


and possibly dunite brick were the only substances found to be comparable to steel as shielding 


materials. Results are included from an investigation of the self-absorption of y rays. Efforts 


were made to improve the techniques for the assay of Ra, Rn, Po, and for the radiometric 


inalysis of bone for natural radioactivity Results are tabulated from the demonstration of 


Ca® distribution in dog femurs’ by quantitative autoradiography using a microdensitometer 


.mounted in a camera on the photomicrography tube of a microscope for seanning. The 


dynamics of Sr and Ca metabolism and removal were studied in dogs connected to. either 


an artificial kidney or ion exchange column following the administration of Sr®, Sr’, and 


Ca. Measurements are reported in progress to determine the half-life of Th*. Work 


was continued on the development of a scintillation-type fast neutron dosimeter based on the 


cavity principal, the development of a multichannel pulse analyzer, and modifications in an 


audiopulse type magnetic tape recorder to record pulses from an ion chamber. A. list of 


publications during the period is included. (For preceding period see AECU-3261.) 


Nuc. S \BS1 


DANGER TO THE HerepiraryY Factor oF MAN. R. W. KAPLAN, Naturwissen 
44 -433-438, 1957 
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lONTZATION CHAMBER ASSAY OF RADIOACTIVE GAS 
Berkeley, Radiation Laboratory, UCRI.-3499., 
11400 (April 15) 1957 
\ practical review is presented lonization-cl 
subjects covered include ion chan theory. sar ples 
of organic compounds to COs, design a structior lon 
chamber currents and approximate calibration data, and detailed 


Tritium assay 
MMAR 


SPECIAL PROBLEMS INHERENT IN THE Stupy of HUMAN CAENETICS W RTICULAR REFER 


ENCE TO THE EVALUATION OF Rapiarion Risks. Tames \ NEEL, 
43 :736-744, 1957 


Problems inherent in the study nan g are reviewed. An 


ittempt is 


evaluate the genetic risks of the incre; f man to ionizing radiations 
Nuc. S« 


RADIOACTIVE Fattour. WF Lipsy, Proc. Nat $3 :758-775 


There are 3 different kinds of radioactive fall (1) local fallout wi 
radioactivity which is carried down by the large particles; (2) tropospheric 
in a matter of 2 or 3 weeks or a month: he stratospheric fallout 
vears. The dissemination of strontium-90 and all fallout is greath 
conditions. Project Sunshine continues e problems of 
stratospheric inventory of radio-strontium and radiocesium, the occurrence 
in the soils, and water and the biosphere all over 


levels Of contamination with strontium-90. and lesser degree witl 


arth, the biologi il 


possible genetic effects of the low gamma-ray dosages 1ated 


trom atomic tests 


Pout 
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Handbook of Noise Control. Edited by Cyril M. Harris. Price, $16.50. Pp. 1184. MeGraw 

Hill Book Company, 330 W. 42nd St., New York 36, 1957. 

This book contains contributions by 46 authorities on the nature, effects, measurement 
and control of noise. It contains 40 chapters, paged separately, and in rather fine print, and 
is the most comprehensive text on the subject yet published, at least in the United States 
The chapters are arranged in the following general groupings: properties of sound, ettects 
of noise on man. vibration control, instrumentation and noise measurement, techniques 0! 
noise control, noise control in buildings, sources of noise and examples of noise control, noise 
control of machinery, noise control in transportation, community Nose, and the legal aspects 
of noise problems. The subject matter in each chapter is arranged so that the solutions ‘io 
practical noise problems can be found without going into the more advanced technical con 
siderations except as the reader may require. Each chapter is the work of an expert and 
has also been reviewed by contributors of the allied chapters. Thus, the handbook retains 
the advantages of a smaller book—an organized presentation which is uniform in terminology 
symbols, and stvle This book should be of value to engineers, designers, screntists, cits 
officials, lawvers, architects, builders, and others interested in the prevention and control ot 
NOISE 

FER [INpusr. Hye. Dicesr| 


Thermal Stress in the Textile Industry, No. 17. Issued by The Chief Adviser Factorie- 
Ministry of Labour and Employment, Government of India, New Delhi, Paper. Price 
not given. Pp. 96. July 20, 1957 
The climatic conditions of India have been described briefly with regard to  dry-bull 

and wet-bulb temperatures over a period of years and detail for \hemedabad tor 

Sept. 15, 1955, to Sept. 15, 1956. There are three major seasons: winter, characterized 

by cool weather and relatively low humidity ; summer, characterized by hot dry weather; and 

monsoon, characterized by warm weather with relatively high humidity and a rather fixed 
wet-bulb temperature. All of the naturally existing climates are compatible with productive 
physical work without injury to healt] (except in the northwestern desert area) with att 
average Indian diet and adequate intake of water 

Indian workers free from evidence of active disease process have been ¢ X pose 1 to moderate 
physical work in a variety of controlled hot dry and warm wet climates Their phystological 
responses and ability to do work have been found to differ in no significant way from those 
found by other investigators in the United Kingdom, Singapore, and the United States 

Their normal eating habits protect them from ‘developing significant salt deficiencies, and 

their drinking habits may prevent serious dehydration at or below climates characterized 


by a line defined by the temperatures dry-bulb 92 F/wet-bulb 92 F, and dry-bulb 115 F/we 
bulb 89 F, with 100 ft. per minute air movement and no appreciable radiant heat differential 
between ambient temperatures and wall temperatures 

It has been shown that the comfort zone for the Indian worker is significantly 


than the comfort zone of British or American workers 


\ study of productivity in relation to controlled climatiy variables show a drop im output 


when the wet-bulb temperature exceeds about Foon the specific task of “drawing-in” 
textile mills. The point or level of thermal stress at which a decline of productive ethcrency 
becomes evident is significantly higher th at demonstrated in the United Kingdom and 
the United States. This is believed to be true in part because of comfort-zone differences 
and in part because of differences in the rate of work. As one approaches maximum produ 
tive capacity, the thermal upper limit of productivity becomes lower and more critical 

A safe upper limit of thermal stress for Indian textile workers has been detined 

The climatic conditions in nine representative textile mills in| Ahmedabad have beet 
studied for 17 months and are described in detail. Mills Nos. 1, 2, and 3 have been studied 
intensively five times daily and the other six studied one day each week. The findings 


relating to each of the departments (carding, spinning, weaving, and finishing) have beet 


SO 


ompared with 


each other statistically. Finally, they have been compared with the outsi 


climates prevailing in the area at the same times d tl 


the various de partments exceed the sate upper limit line has been mdiecated 

Phe report includes a discussion of the huimeering principle 
thermal stress problem. The textile mills must control the working environment. s is ti 
stay below the safe upper limits, and it should not be difficult for them to do so by. the 
application of these principles in relativel ysimple wavs. In most instances. the mills will 
need the advice and assistance of competent air-conditioning ane ventilatio Qirie t 
ccomplish the desired goals. Mills other than these included in the study mav. determin 


he quantitative aspects of their own heat-load problem bv { wil 
erell tor one cool ul 


1 the sate upper limits line 


recommend 


ents of the textile industry in India do not exce 


i e sate upper limits stres 
previously described 
3. It is recommended that thermal stress at related climatic problems the ittect 
India at work and at home. in it | tor ottice | ine 
design and construction, and the medi ethect it 


the permanent researcl program. ot | -ubject requires coordinated resear 


trained investigators representing the broad ¢ 


iericulture 


It as recommended at the appropriate time ter additional intormation re 
the Factories Act be amended or supplemented to include realistic thet estri tS CO 
patible with health and productivity in a tropical country 

5. It is recommended that the qualit perio ince specifications mr thie grometers 
“wall”) permanently installed in the mills under. the ictories Act be modified to provide 


tor an accurate, reliable instrument 


The Nature of Radioactive Fallout and Its Effects on Man. Heari: 


Subcommittee on Radiation of the Joint Committee on Atomic Energy, Congress of the 
United States, Eighty-Fifth Congress. Pri Part 1, $3.75, Part 2, $2.75. Pp. 2065 
(2 parts). U.S. Government Printing Office, Washington, D. C.. 1957 


1 1 ‘ ‘ 
There has recently been much puble cor ture 


problem of fall-out from nucle 


lhe Special Subcommittee or 


ot the United States, on Mav i ril 3-7, 1957, conducted open publi earings o1 
The Nature of Radioactive Fall-out and Its Effeets on Man.” The he Ings were to help 
educate the public and Congress about fall-out. from its i eption im nuclear weapons explosions 


effects on mat testil ! uded prin ul t alt 


ssociated with fall-out, why and how it occurs, what hazards it constitutes. how tor tor 
about it is obtained, how adequate this infor . Ll what programs should be under 


taken in the future 


Main topics of the presentation included ground informatio lroactivit 
wiation, fission and fusion reactions, naturally occurring radiation, production o idioactive 
substances by detonation ot nuclear explosions, Imeos] heric storage ir ranspor ot ido 
itive particulates, local and delaved fall out, of radioactive subst ces eologica 
ind physical processes, and the mechanisms for entry into. bic logical processes and uptake 
by man, pathologk and genetic eftects ot radiation or man and protective neasures wed 
implications on policy Each of the screnti tre lisciplines nvolved (physics eteorolog nology, 
nedicine, etc.) was considered in sequence, and atter pts were made at the end of the he irimgs 
to coordinate this information through general discussions. In all, some 30 witnesses either 


appeared before the committee or submitted statements for the record 


The transcripts of the verbal testimony are easily read, sometimes with amusement of 


boredom, and provide a bas COVeET 


in lay terminology of the veneral topics of tI 


findings with the mills 
Recommendations 
irned out in the steel, glass, aluminium, paper nd other hot industries in) Indi oe 
2. It is muumuummmled that the necessary steps be taken to assure that the ther enviror a 
engineering, biology, meteorology, and 
yprehension, and controversy over the 
Meer weapons. In an effort to collect all the facts on the subject. Bice 
R7 
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A.M.A. ARCHIVES OF INDUSTRIAL HEALTH 


The major portion of the two large volumes, however, consists of prepared statements, articles, 
and a large appendix, in technical language, which offers the more interested reader much ot 
the publicly released pertinent information on any given topic. Also, included in many of the 
prepared statements are bibliographies and references which list most of the available literature 
on the particular subject. Much space is also devoted to the available data on fall-out and its 
consequences to date 

The report of the hearings is a rather complete, but not very handy, reference on fall-out 
and the nature and effects of radiation. The lists of references are alone well worth the price, 
but they have not been indexed, and some extensive digging is often required to find those 
dealing with a selected subject. Unfortunately, the constructive aspects of radioactivity and 
radiation (those dealing with reactor problems and medical use of isotopes, etc.) were men 
tioned only briefly, and only if they pertained to the fall-out problem 

As available, the report is a good addition to the library of anyone interested in radio 
activity and its effects on man. If the material could be edited and indexed, it would be 
invaluable 

Ropert V. Furtyn, S.M 


Effect of Radiation on Human Heredity. Report of a study group convened by World 
Health Organization, together with papers presented by various members of the group 
Price, $4.00. Pp. 168. Columbia University Press, 2960 Broadway, New York 27, 1957 
This is a pertinent volume, which raises more questions than it answers. This is its virtue 

since it attempts to point out the direction for future research in order to assess the effect 

f ionizing radiation on human heredity 
The first part is a report of the group which summarizes their feeling that ionizing radia 

tion is harmful to man. The degree to which it is harmful, however, has not been adequately 

lefined, and various avenues for research are discussed as well as population studies whicl 
might be undertaken. Some of the latter studies will entail extensive and prolonged programs 
which will require governmental or United Nations support as suggested. They further 
recommend that more intensive programs concerned with human.genetics and more departments 
of this sort be developed 

The greater part of the book is concerned with reports by members of the study group 


mostly concerned with the genetic effects of ionizing radiation. It is not possible to review 
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each report here but this compilation of papers does present certain aspects of the resear« 
being done in a number of countries throughout the world 

Persons concerned with the hazards of radiation or with research in radiation Molog 
will find the- articles stimulating and usetul as a reterence source 


B. G. Ferris Ir, M.D 


News and Comment 
ANNOUNCEMENTS 


Institute on Industrial Deafness.—Colby College, Waterville, Maine, presents 
Sixth Annual Institute on Industrial Deafness, Aug. 11-20 inclusive. Attention is called to 
the fact that the course has been extended for three days in order to include engineering for 
noise control The objective will be to train physi ians interested in the problem, nurses, plant 
engineers, and others in initiating and conducting hearing conservation programs in nosy 
industries. The course includes basic otology, audiometry, noise measurement, ear protection, 


and methods of noise control. The class is limited to approximately 20 participants. Dr 


Frederick T. Hill is director and Dr. Joseph Satalott, associate director 


The fee for the course is $250 and includes tuition, room, and board. The first week will 
constitute a complete course for doctors and nurses, and the reduced fee for it will be $200 


Application should be made to Mr. William A Macomber, Colby College, Waterville, Maine 
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A REMINDER FROM MERCK SHARP & DOHME: 


ASIAN 
FLU VACCINE 


Recent outbreaks of influenza indicate the possibility of a recurrence of 
Asian Influenza in the United States in late 1958 or early 1959. Ordering your 


requirements now will assure you of sufficient vaccine when it ws needed. 


BUSINESS REPLY CARD 
FIRST CLASS PERMIT No. 2868, Sec. 34.9, P.L.&R. PHILADELPHIA, PA 


MERCK SHARP & DOHME 
Vaccine Department 

640 North Broad Street 
Philadelphia 1, Penna. 
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Remember how difficult it was to obtain Asian Influenza 


vaccine during the past flu season? 


To make certain that you have an adequate supply when 
the need again arises, you should order vaccine now. Order 
for immediate delivery or, if you prefer, at whatever 
future date you specify. 


Vaccination against Asian Influenza is inexpensive— and is 
the only effective way of minimizing the risk of contracting 
this highly contagious disease which causes so much 


debilitation and absenteeism. 


By anticipating your needs and ordering now, you can be 
certain that you will have enough vaccine for your 


personnel and patients. 


Influenza Virus Vaccine Monovalent 


400 C.C.A. units Asian Strain per cc. 
Recommended adult dose: | cc. intramuscularly in early autumn. 


Influenza Virus Vaccine Polyvalent 


200 C.C.A. units Asian Strain 
100 C.C.A. units PR8 

100 C.C.A. units PR301 

100 C.C.A. units Great Lakes 
500 C.C.A. units Total 


Recommended adult dose: | cc. intramuscularly in August or 
September, followed by 1 cc. intramuscularly three months later. 


MERCK SHARP & DOHME, DIVISION OF MERCK & CO., Inc., PHILADELPHIA 1. PA. 


MERCK SHARP & DOHME 
VACCINE DEPARTMENT 

640 NORTH BROAD STREET 
PHILADELPHIA 1, PENNA. 


Please ship the following to arrive on 


(specify delivery date) 


10 cc. vials Influenza Virus Vaccine Monovalent 


10 cc. vials Influenza Virus Vaccine Polyvalent 


Ship to: Bill to: 


LAO AVAL 


(Street address) (Street address) 


(City and State) (City and State) 


Purchase order number 
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QUARTERLY CUMULATIVE 
INDEX MEDICUS 


YOUR GUIDE TO MEDICAL LITERATURE 


Divided into sections. one devoted to books and the other 
to periodical literature. the OL ARTERLY ClLMULATIVE 
INDEN MEDICUS contains a list of current publications 
alphabetized as to authors and subjects. The exact 
bibliographic reference is given under the author with 
titles in the original language. while titles under subjects 
are all in Enelish. The index also includes a listing of 


journals. addresses and publishe rs 


LISTED BY AUTHORS AND SUBJECTS 


The OUARTERLY CUMULATIVE INDEX MEDICUS 
appears twice a vear: volumes are cloth bound and cover 
periodicals for six months as indicated on the publication, 
These two volumes will be a convenient and inclusive 
reference for current medical literature. Invaluable for 
practitioners, specialists. teachers. editors. writers. in 


vestigators, students and libraries. 


SUBSCRIPTION PRICE $25.00 PER YEAR 
CANADIAN AND FOREIGN $27.00 PER YEAR 


AMERICAN MEDICAL ASSOCIATION 
535 NORTH DEARBORN STREET 
CHICAGO 10, ILLINOETS 
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what is a well-balanced low-fat 
quick and lasting energy breakfast? 


What is meant by “Quick and Lasting Energy’? The Iowa Breakfast Studies demonstrated that a 
It is a prompt “‘lift’ due to a quick rise in blood _ basic cereal-and milk breakfast as shown below 
sugar—a lasting “‘lift’ due to the fact that the provided quick and lasting energy. This basic break- 
blood sugar remains up and falls only gradually fast is Jow in fat and makes a well-balanced con- 


during the late morning hours. tribution of the essential nutrients. 


basic cereal low-fat 
utritive value o 
breakfast pattern basic cereal breakfast pattern 


Orange juice, fresh, % cup, CALORIES.......... VITAMIN A 
Cereal, dry weight, 1 0z., PROTEIN . THIAMINE. . 
with whole milk, % cup, and sugar, 1 tsp., 
Bread, white, 2 slices, with butter, 1 tsp., ASCORBIC ACID.... 
Milk, nonfat (skim), 1 cup, CHOLESTEROL 


black coffee 


Note: To further reduce fat and cholesterol use skim milk on cereal which reduces Fat Total 
to 7.0 gm. and Cholesterol Total to 16.8 mg. Preserves or honey as spread further reduces 
Fat and Cholesterol. 


Bowes, A, deP., and Church, C. F.: Food Values of Portions Commonly Used. 8th ed Philadelphia: A. deP. Bowes, 1956 
Cereal Institute, Inc.: The Nutritional Contribution of Breakfast Cereals. Chicago: Cereal Institute, Ine., 1956 
Hayes, O. B., and Rose, G. K.: Supplementary Food Composition Table. J. Am. Dietet. A. 33:26, 1957 


Cereal Institute, Inc.: A Summary of the lowa Breakfast Studies. Chicago: Cereal Institute, Inc., 1957. 


CEREAL INSTITUTE, INC. 135 South LaSalle Street, Chicago 3 
A research and educational endeavor devoted to the betterment of national nutrition 
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